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DATA SUMMARY REPORT EMF SITE AND

VOC PLUME ACROSSACROS BOEING FIELD

10 INTRODUCTION

THISTHI DOCUMENT PRESENTSPRESENT SUMMARY OF DATA COLLECTED DURING REMEDIAL
INVESTIGATION RI ACTIVITIESACTIVITIE COMPLETED TO

DATE AS OF OCTOBER 2001 AT THE ELECTRONICSELECTRONIC MANUFACTURING FACILITY EMF SITE THE EMF PROPERTY IS OWNED BY
KING COUNTY INTERNATIONAL AIRPORT KCIA AND LEASED TO THE BOEING COMPANY THE EMF SITE IS LOCATED AT BOEING
FIELDKCIA BOEING FIELD AND IS SITUATED TO THE EAST OF THE ACTIVE RUNWAYSRUNWAY ITAXIWAYSITAXIWAY AND TO THE WEST OF
PERIMETER ROAD

FORMING THE EASTERN BOUNDARY OF THE AIRFIELD SEE FIGURESFIGURE 11 AND 12 THE RI HAS INCLUDED

INVESTIGATIONSINVESTIGATION ON THE EMF SITE ALONG WITH AN AREA IMPACTED BY DOWNGRADIENT VOLATILE ORGANIC COMPOUNDSCOMPOUND
VOC PLUME IN GROUNDWATER THE VOC PLUME EXTENDSEXTEND TO THE WEST FROM THE EMF SITE ACROSSACROS BOEING FIELD THE
INITIAL EMF RI WAS CONDUCTED IN 19961997 WESTON 1997 AND ADDITIONAL DATA HAS BEEN COLLECTED BETWEEN
1997 AND 2001 TO CHARACTERIZE THE SITE CONDITIONSCONDITION AND THE DOWNGRADIENT VOC PLUME IN GROUNDWATER

THISTHI SECTION OF THE REPORT PRESENTSPRESENT INTRODUCTORY INFORMATION INCLUDING GENERAL SITE BACKGROUND INFORMATION
SECTION 20 PRESENTSPRESENT GENERAL INFORMATION ON SITE CONDITIONS FIELD ACTIVITIESACTIVITIE THAT WERE CONDUCTED DURING THE RI
AND REMEDIATION PHASESPHASE ARE DESCRIBED IN SECTION 30 SECTIONSSECTION 40 AND 50 PRESENT SUMMARY AND EVALUATION
OF THE DATA COLLECTED

11 BACKGROUND

PAST ACTIVITIESACTIVITIE AT THE EMF SITE RESULTED IN RELEASESRELEASE OF TRICHIOROETHENE ICE CHLORINATED INDUSTRIAL SOLVENT TO

THE GROUND THESE RELEASESRELEASE RESULTED IN CONTAMINATION OF GROUNDWATER AT THE EMF SITE THE VOC PLUME IN

GROUNDWATER ASSOCIATED WITH THE EMF SITE EXTENDSEXTEND IN
WESTERLY DIRECTION ACROSSACROS THE ACTIVE RUNWAYSRUNWAY AND

TAXIWAYSTAXIWAY OF BOEING FIELD THE VOC PLUME HAS BEEN TRANSPORTED BY THE NATURAL GROUNDWATER FLOW TO THE
SOUTHWEST DIRECTION TOWARDSTOWARD THE DUWAMISH WATERWAY

THE EMF SITE HAS BEEN THE SUBJECT OF PAST INVESTIGATIONSINVESTIGATION AND REMEDIAL ACTIONS GROUNDWATER INVESTIGATIONSINVESTIGATION
CONDUCTED AT THE EMF SITE INDICATED THAT TCE DOWNGRADIENT OF THE SOURCE AREA WAS UNDERGOING NATURAL

ATTENUATION EVIDENCE OF NATURAL ATTENUATION INCLUDED THE
PRESENCE OF STATIC PLUME IE CONTAMINANT ISOPLETHSISOPLETH

WERE NOT
ADVANCING DOWNGRADIENT AS WELL AS THE PRESENCE OF TCE DEGRADATION PRODUCTS BECAUSE NATURAL

ATTENUATION OF ICE WAS OCCURRING THE REMEDIAL APPROACH SELECTED FOR THE EMF SITE WAS ACTIVE TREATMENT OF THE
CONCENTRATED SOURCE AREA COUPLED WITH MONITORED NATURAL ATTENUATION MNA BASED ON EXISLLNG DATA AND
EVALUATIONSEVALUATION NATURAL ATTENUATION WAS EXPECTED TO REDUCE CONTAMINANT CONCENTRATIONSCONCENTRATION TO CLEANUP STANDARDSSTANDARD
BEFORE THE GROUNDWATER DISCHARGESDISCHARGE TO THE DUWAMISH WATERWAY

GROUNDWATER AT AND DOWNGRADIENT OF THE EMF SITE IS NOT SOURCE OF POTABLE WATER THEREFORE GROUNDWATER
CLEANUP STANDARDSSTANDARD HAVE BEEN BASED ON PROTECTION OF SURFACE WATER AND WERE SET EQUAL TO AMBIENT WATER QUALITY
CRITERIA AWQC

IN 1997 GROUNDWATER REMEDIATION SYSTEM WAS INSTALLED AT THE EMF SITE THISTHI SYSTEM CONSISTED OF TWO

RECIRCULATING WELLSWELL THAT WERE OPERATED TO RECOVER DISSOLVED TCE FROM THE AQUIFER ONE OF THE WELLSWELL RECOVERED
LIMITED

QUANTITY OF TCE AS DENSE NONAQUEOUSPHASE LIQUID DNAPL OPERATION OF THISTHI SYSTEM RESULTED IN

REMOVAL OF
APPROXIMATELY 1800 POUNDSPOUND OF ICE FROM THE AQUIFER

EMF DATA SUMMAR2WPD
11602
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ALTHOUGH THISTHI SYSTEM HAS BEEN EFFECTIVE IN REMOVING LARGE MASSMAS OF CONTAMINANT SIGNIFICANT MASSMAS OF

CONTAMINANT REMAINED AT THE SITE PRIMARILY IN THE AREA DOWNGRADIENT OF THE ZONE TREATED BY THE INITIAL

REMEDIATION SYSTEM INSTALLED AS RESULT BOEING BEGAN IMPLEMENTATION OF INSITU CHEMICAL OXIDATION ISCO AT

THE SITE IN SPRING 2000 THE ISCO TREATMENT HAS CONSISTING OF INSITU DESTRUCTION OF VOCSVOC
USING PERMANGANATE

AND PEROXYDISULFATE THISTHI APPROACH WAS SUCCESSFULLY DEMONSTRATED AT PILOT SCALE AND FULLSCALE

IMPLEMENTATION BEGAN IN 2000 AND CONTINUED DURING 2001

12 OBJECTIVESOBJECTIVE OF ADDED REMEDIAL INVESTIGATION ACTIVITIESACTIVITIE

IN 1999 DATA WAS COLLECTED THAT INDICATED THE VOC PLUME WAS LARGER THAN ORIGINALLY THOUGHT IN THE 1997 RIIFSRIIF

REPORT THE NEW DATA REQUIRED REVISION TO THE CONCEPTUAL MODEL OF SITE CONDITIONSCONDITION AND THE PLANNED APPROACH TO

REMEDIAL ACTION IN 2000 AND 2001 BOEING IMPLEMENTED ADDITIONAL PHASESPHASE OF INVESTIGATIONSINVESTIGATION DOWNGRADIENT OF

THE EMF SITE THE OBJECTIVESOBJECTIVE OF THESE ADDED INVESTIGATIONSINVESTIGATION WERE TO

DEFINE THE VOC PLUME LIMITSLIMIT

PROVIDE DOWNGRADIENT MONITORING POINTSPOINT TO PROVIDE PROOFVERIFICATION THAT MNA IS AN EFFECTIVE PART OF THE

REMEDIAL STRATEGY AT THE SITE

DETERMINE HYDRAULIC CONDUCTIVITY TRANSMISSIVITY AND GROUNDWATER VELOCITY AND

COLLECT DATA TO VERIFY AND DEMONSTRATE THAT VOCSVOC FROM THE SITE ARE NOT REACHING THE DUWAMISH

WATERWAY AT LEVELSLEVEL IN EXCESSEXCES OF THE SITE CLEANUP STANDARDSSTANDARD WATER QUALITY CRITERIA FOR PROTECTION OF FISH

TREATMENT OF GROUNDWATER AT LOCATIONSLOCATION BETWEEN THE EMF SITE AND THE WEST SIDE OF BOEING FIELD IS NOT PRACTICAL

BECAUSE OF THE ACCESSACCES CONSTRAINTSCONSTRAINT POSED BY THE ACTIVE RUNWAYSRUNWAY AND TAXIWAYSTAXIWAY OF THE AIRPORT AS RESULT MOST OF

THE ADDITIONAL INVESTIGATIONSINVESTIGATION PLUME DELINEATION AQUIFER PUMPING TEST HAVE BEEN FOCUSED IN THE AREA NEAR THE

WEST SIDE OF BOEING FIELD SOME INVESTIGATIONSINVESTIGATION HAVE BEEN IMPLEMENTED IN THE CENTER OF BOEING FIELD SECTION

30 DESCRIBESDESCRIBE THE SPECIFIC FIELD INVESTIGATION ACTIVITIESACTIVITIE THAT HAVE BEEN IMPLEMENTED

EMF DATA SUMMAR2WPD 11602
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20 SITE CONDITIONSCONDITION

THISTHI SECTION PRESENTSPRESENT DESCRIPTIONSDESCRIPTION OF SITE CONDITIONS SECTION 21 PRESENTSPRESENT GENERAL SITE CONDITIONS SECTIONSSECTION 22

THROUGH 24 ADDRESSADDRES SPECIFIC SITE CHARACTERISTICS MANY OF THESE CONDITIONSCONDITION HAVE BEEN CHARACTERIZED BY THE

PREVIOUSPREVIOU RI FOR THE EMF SITE AS APPROPRIATE THE RESULTSRESULT OF PRIOR INVESTIGATIONSINVESTIGATION AT THE EMF SITE ARE SUMMARIZED
IN THISTHI SECTION WHERE REQUIRED INFORMATION WAS NOT AVAILABLE FROM PREVIOUSPREVIOU INVESTIGATIONSINVESTIGATION ADDITIONAL DATA WERE
OBTAINED FROM THE FOLLOWON RI ACTIVITIESACTIVITIE DESCRIBED IN THISTHI REPORI

CONCEPTUAL SITE MODEL CSM IDENTIFYING SOURCESSOURCE OF HAZARDOUSHAZARDOU SUBSTANCESSUBSTANCE PATHWAYSPATHWAY FOR CONTAMINANT

MIGRATION AND POTENTIAL RECEPTORSRECEPTOR IS SHOWN IN FIGURE 21 THE INFORMATION USED TO DEVELOP THISTHI CSM AND

INTERPRETATIONSCONCINTERPRETATIONSCONC DRAWN FROM THISTHI CSM ARE PRESENTED IN THE FOLLOWING SECTIONS

21 GENERAL SITE CONDITIONSCONDITION

THISTHI SECTION PRESENTSPRESENT SUMMARY OF SITE CONDITIONSCONDITION AN AERIAL PHOTOGRAPH OF THE SITE AND IMMEDIATE
SURROUNDING

AREA IS PRESENTED IN FI9URE 12 THE EMF SITE CONSISTSCONSIST OF THAT PORTION OF THE BOEING FIELD IMPACTED BY THE EMF
PLUME THAT IS LOCATED IN WEST TO SOUTHWEST DIRECTION OF THE FORMER EMF FACILITY

MOST OF THE AREA IS PAVED AND SERVED BY STORM WATER COLLECTION AND CONVEYANCE SYSTEM THE EXCEPTIONSEXCEPTION ARE
THE GRASSY STRIPSSTRIP BETWEEN THE RUNWAYS THE

BUILDINGSBUILDING IN THE AREA NEAR THE EMF SITE INCLUDE THE SOUTH END OF THE
KCIA ARRIVALSARRIVAL BUILDING ON THE WEST SIDE OF BOEING FIELD THE BUILDINGSBUILDING INCLUDE THE FIRE STATION GUARD STATION AT

THE GATE AND SEVERAL SMALLER
FLIGHT DELIVERY STRUCTURES UTILITIESUTILITIE PRESENT IN THE AREA INCLUDE STORM WATER COLLECTION

AND PIPING WATER SUPPLY SANITARY SEWER AND ELECTRIC SERVICE THE PROPERTY ON THE WEST SIDE OF BOEING FIELD IS

BOUNDED TO THE SOUTHWEST BY EAST MARGINAL WAY WHICH CONTAINSCONTAIN NUMEROUSNUMEROU UTILITIESUTILITIE GAS ELECTRIC WATER
STORMWATER AND SANITARY SEWER

22 SURFACE WATER AND SEDIMENTSSEDIMENT

THE NEAREST SURFACE WATER BODY TO THE EMF SITE IS THE DUWAMISH WATERWAY WHICH IS LOCATED
APPROXIMATELY

3700 FT TO THE SOUTHWEST OF THE SITE 1600 FT FROM THE WEST SIDE OF BOEING FIELD ACTIVITIESACTIVITIE AT THE EMF SITE ARE
NOT EXPECTED TO RESULT IN IMPACTSIMPACT TO SURFACE WATER OR SEDIMENTSSEDIMENT IN THE DUWAMISH WATERWAY THE SITE IS PART OF

AN ACTIVE AIRPORT FACILITY
AND SURFACESSURFACE ARE PAVED THUSTHU THERE ARE NO NATURAL DRAINAGE PATTERNSPATTERN OR AREASAREA OF

EROSION OR SEDIMENT DEPOSITION ON SITE PRECIPITATION FALLING ON THE SITE IS COLLECTED BY ONSITE STORM SEWERSSEWER THAT

DISCHARGE TO THE DUWAMISH WATERWAY

AS SHOWN IN THE CSM POTENTIAL IMPACTSIMPACT TO SURFACE WATER ARE RELATED TO THE FACT THAT SHALLOW GROUNDWATER IN THE

VICINITY OF THE EMF SITE DISCHARGESDISCHARGE TO THE DUWAMISH WATERWAY AS WILL BE DESCRIBED IN MORE DETAIL IN SECTION

24 VOCSVOC HAVE BEEN DETECTED IN GROUNDWATER BENEATH THE SITE AT LEVELSLEVEL IN EXCESSEXCES OF AWQCS AS RESULT
THESE CONTAMINANTSCONTAMINANT HAVE THE POTENTIAL TO ADVERSELY IMPACT SURFACE WATER UNLESSUNLES CONCENTRATIONSCONCENTRATION ARE REDUCED BY
NATURAL ATTENUATION OR OTHER MEANSMEAN BEFORE REACHING THE RIVER CONSEQUENTLY CLEANUP STANDARDSSTANDARD FOR THE

GROUNDWATER CONTAMINATION AT THE SITE HAVE BEEN BASED UPON PROTECTION OF SURFACE WATER QUALITY

BECAUSE GROUNDWATER CLEANUP STANDARDSSTANDARD ARE BASED ON PROTECTION OF SURFACE WATER AND THERE ARE NO OTHER

DISCHARGESDISCHARGE OF CONTAMINANTSCONTAMINANT TO SURFACE WATER FROM THE SITE SURFACE WATER AND SEDIMENT QUALITY HAVE NOT BEEN

SPECIFICALLY ADDRESSED IN THE FIELD INVESTIGATIONS

EMF DATA SUMMAR2WPD 11602
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23 SOILSSOIL

THE EMF SITE IS LOCATED IN THE DUWAMISH VALLEY THE DUWAMISH WATERWAY WAS DREDGED TO ITS PRESENT COURSE IN

THE EARLY 1900S1900 AND THE ANCESTRAL CHANNEL AND TIDEFLAT AREASAREA WERE TILLED WITH MATERIALSMATERIAL SLUICED FROM THE PRESENT

DAY CHANNEL AS WELL AS NEARBY UPLAND AREAS BASED ON LOGSLOG OF NUMEROUSNUMEROU BORING IN THE AREA THE HYDRAULIC TILL

MATERIAL APPEARSAPPEAR TO BE NEARLY HOMOGENEOUSHOMOGENEOU AT DIFFERENT SPATIAL LOCATIONSLOCATION ALTHOUGH SOME VERTICAL
LAYERING IS

PRESENT

SAMPLING DATA HAS DEMONSTRATED THAT VADOSE ZONE SOILSSOIL AT THE EMF SITE AND IN DOWNGRADIENT DIRECTIONSDIRECTION ARE

NOT CONTAMINATED AS SHOWN IN THE CSM VOCSVOC HAVE MIGRATED FROM THE EMF SITE BY MEANSMEAN OF STRATIFIED

GROUNDWATER PLUME AS RESULT VOCSVOC ARE PRESENT IN THE SATURATED ZONE AND HAVE NOT IMPACTED THE VADOSE

ZONE THE FIELD SCREENING OF SOIL SAMPLESSAMPLE ORGANIC VAPOR ANALYZER READINGSREADING FROM SOIL CORESCORE AND LAB ANALYSISANALYSI OF

SOIL SAMPLESSAMPLE INDICATE THAT THE VADOSE ZONE SOILSSOIL HAVE NOT BEEN IMPACTED

24 GEOLOGY AND GROUNDWATER SYSTEM

DATA
DESCRIBING THE GEOLOGY AND GROUNDWATER SYSTEM IN THE VICINITY OF THE EMF SITE WERE ORIGINALLY COLLECTED

DURING PERFORMANCE OF THE RI FOR THE EMF SITE ADDITIONAL INFORMATION WAS COLLECTED
DURING SUBSEQUENT

INVESTIGATIONSINVESTIGATION RELATED TO INSTALLATION OF THE GROUNDWATER TREATMENT SYSTEMSSYSTEM AT THE EMF SITE AND IN INVESTIGATIONSINVESTIGATION

IN THE DOWNGRADIENT AREAS THISTHI INFORMATION IS BRIEFLY SUMMARIZED BELOW ADDITIONAL INFORMATION COLLECTED AS

PART OF THE RI AND AQUIFER PUMPING TEST FOR THE DOWNGRADIENT PLUME AREA IS THEN PRESENTED

241 STRATLGRAPHY

EMF SITE THE STRATIGRAPHY AT THE SITE WAS GENERALLY DESCRIBED IN THE RI FOR THE EMF SITE AS INTERMITTENT FILL

UNDERLAIN BY SAND ALLUVIUM TO DEPTH OF ABOUT 30 TO 40 FEET BELOW GROUND SURFACE BGS THE BASE OF THE

SANDY ALLUVIUM REPORTEDLY GRADED TO FINER SAND WITH SILT ZONE IN THE BOTTOM TO 10 FEET AN INTERVAL LOCATED

APPROXIMATELY 30 TO 40 FTBGS THE SANDY ALLUVIUM WAS REPORTEDLY UNDERLAIN BY SILTYCLAY ZONE HAVING AN

APPROXIMATE THICKNESSESTHICKNESSE OF TO 10 FEET ENCOUNTERED AT DEPTH OF ABOUT 40 TO 45 FT BGS THE SILTYCLAY UNIT WAS

ENCOUNTERED IN ALL THREE BORINGSBORING ADVANCED TO THISTHI DEPTH AT THE SITE DURING THE EMF RI AND WATER SAMPLESSAMPLE
COLLECTED BENEATH THISTHI ZONE CONTAINED NO DETECTABLE VOCS CORE SAMPLESSAMPLE COLLECTED FROM THE

SILTY CLAY ZONE

REPORTEDLY INDICATED AN APPROXIMATE HYDRAULIC CONDUCTIVITY OF CMSEC THUSTHU
INDICATING THAT THISTHI LAYER IS AN

AQUITARD AND PROVIDESPROVIDE AN EFFECTIVE BARRIER TO VERTICAL PLUME MOVEMENT

THE GEOLOGIC CROSSCROS SECTION PREPARED FOR THE EMF RI INDICATED LOCALIZED LENSLEN OF LOW PERMEABILITY SOIL NEAR THE

EASTERN BOUNDARY OF THE SITE FROM GEOLOGIC BORING SB24 WITH MORE PERMEABLE SANDSSAND ABOVE AND BELOW THE

LENS THISTHI IS CONSISTENT WITH THE OBSERVATIONSOBSERVATION MADE TO THE WEST WHERE RECIRCULATING WELLSWELL WERE INSTALLED BUT THE

DEPTH INTERVAL WHERE THE UPPER SILTY LAYER WAS ENCOUNTERED IS SLIGHTIY DEEPER CONSISTENT WITH DOWNWARD DIP

TOWARD THE WEST

DOWNGRADIENT PLUME AREAS STRATIGRAPHY IN THE DOWNGRADIENT PLUME AREA HAS BEEN DETERMINED FROM BORINGSBORING

COMPLETED AFTER THE RI THE GENERAL STRATIGRAPHY IN THE AREA NEAR THE WEST SIDE OF BOEING FIELD IS AS FOLLOWS

THE SURFACE CONSISTSCONSIST OF CONCRETE AND TARMAC WHICH IS UNDERLAIN BY VARYING DEPTHSDEPTH OF FILL THE FILL IS UNDERLAIN BY

SILTY ZONE WHICH EXTENDSEXTEND TO DEPTH OF APPROXIMATELY 15 TO 20 FT BGS MATERIALSMATERIAL IN THISTHI ZONE APPEAR TO CONSIST

OF
APPROXIMATELY 50 FINESFINE IE SILT AND CLAYSIZED PARTICLES THISTHI ZONE IS UNDERLAIN BY UNIFORM FINE TO MEDIUM

SANDSSAND WHICH EXTEND TO DEPTH OF APPROXIMATELY 50 FT BGS BASED ON PARTICLESIZE ANALYSESANALYSE OF SAMPLESSAMPLE

EMF DATA SUMMAR2WPD 11602
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COLLECTED FROM THISTHI ZONE THISTHI MATERIAL CONTAINSCONTAIN APPROXIMATELY 1 FINES THISTHI ZONE IS THEN UNDERLAIN BY

INTERBEDDED SANDSSAND AND SILTS CROSSCROS SECTION SHOWING THE STRATIGRAPHY ENCOUNTERED IN THE
MONITORING WELLSWELL

PLACED ALONG THE WEST SIDE OF THE BOEING FIELD IS SHOWN IN FIGURE 22 THE LOCATIONSLOCATION OF THESE WELLSWELL ARE SHOWN IN

FIGURE 23 BORING LOGSLOG FOR THE BORINGSBORING INSTALLED AFTER THE EMF RI AND FOR THE PUMP TEST ARE INCLUDED IN APPENDIX
A THE STRATIGRAPHY DESCRIBED ABOVE IS EQUIVALENT WITH THE RESULTSRESULT OF TWO PREVIOUSPREVIOU GEOTECHNICAL INVESTIGATIONSINVESTIGATION

CONDUCTED IN THE IMMEDIATE AREA

AS NOTED ABOVE SAMPLESSAMPLE OF MATERIAL FROM THE SANDY AQUIFER ZONE WERE COLLECTED AT THE FROM BORINGSBORING ON THE

WESTERN SIDE OF BOEING FIELD AND ANALYZED FOR PARTICLESIZE DISTRIBUTION THE RESULTSRESULT OF THESE ANALYSESANALYSE ARE

PRESENTED IN APPENDIX B

242 GROUNDWATER FLOW

THE GENERAL DIRECTION OF GROUNDWATER FLOW AT THE SITE IS TOWARDSTOWARD THE DUWAMISH WATERWAY THE GROUNDWATER

GRADIENT AT THE EMF SITE HAS PREVIOUSLY BEEN MAPPED BASED ON SURVEYED WELL HEAD ELEVATIONSELEVATION AND DEPTH TO

WATER MEASUREMENTSMEASUREMENT IN WET AND DRY SEASONS TWO
FIGURESFIGURE DEPICTING THE DIRECTION OF THE GRADIENT IN WET AND DRY

SEASONSSEASON ARE SHOWN IN FIGURESFIGURE 24 AND 25 THE EXPECTED FLOW DIRECTION BASED THE
REGIONAL GROUNDWATER FLOW

PATTERN IS SHOWN IN FIGURE 26 THISTHI FIGURE IS BASED ON THE EXPECTATION THAT THE AVERAGE GROUNDWATER FLOW

DIRECTION SHOULD BE GENERALLY PERPENDICULAR TO THE DISCHARGE ZONE ALONG THE DUWAMISH WATERWAY

BASED ON THE RESULTSRESULT OF PREVIOUSPREVIOU INVESTIGATIONSINVESTIGATION ANCESTRAL RIVER CHANNELSCHANNEL ARE PRESENT IN THE DUWAMISH VALLEY

INCLUDING ONE AT THE WESTERN EDGE OF THE EMF SITE THE DATA COLLECTED IN THISTHI RI INDICATESINDICATE THAT THE VOC PLUME
FOLLOWSFOLLOW THE REGIONAL GROUNDWATER FLOW DIRECTION ESSENTIALLY AN UNCHANGED PATH AS IT PASSESPASSE OVER THE ANCESTRAL

RIVER CHANNEL BASED ON AVAILABLE DATA THE PRESENCE OF THISTHI CHANNEL DOESDOE NOT APPEAR TO AFFECT THE DIRECTION OF

GROUNDWATER FLOW OR THE GENERAL VOC PLUME MIGRATION DIRECTION

AS DESCRIBED IN SECTION 241 LOW PERMEABILITY LENSLEN WAS OBSERVED NEAR THE BOTTOM OF THE AQUIFER AT THE EMF
SITE AND APPEARED TO DIVIDE THE AQUIFER INTO UPPER AND INTERMEDIATE ZONES WATER LEVEL DATA COLLECTED AFTER THE

EMF RI INDICATED SOME HYDRAULIC SEPARATION BETWEEN THE
UPPER ZONE AND THE INTERMEDIATE ZONE BASED ON

PIEZOMETRIC DATA FROM WELL PAIRSPAIR MWI DMW1 AND MW3DIMW3SMW3DIMW3 THESE DATA ARE PRESENTED IN TABLE 21
NEAR WELLSWELL MWI AND MW3 WHICH ARE AT THE EMF SITE THE SITE DATA INDICATE WATER LEVEL DIFFERENCE BETWEEN

THE SHALLOW AND INTERMEDIATE ZONESZONE OF APPROXIMATELY FOOT WITH DOWNWARD GRADIENT THESE DATA INDICATE THE

PRESENCE OF RESTRICTIVE LAYER THAT CAUSESCAUSE THE WATER LEVEL DIFFERENCE DOWN GRADIENT FROM THE SITE NEAR THE EMF
LEASE

PROPERTY BOUNDARY NEAR WELL PAIR MWIL DIM WI S THE WATER LEVEL DIFFERENCE APPARENTLY DISAPPEARSDISAPPEAR
BETWEEN THE SHALLOW AND INTERMEDIATE ZONES

THE HYDRAULIC CONDUCTIVITY OF THE AQUIFER WHERE THE VOC PLUME IS PRESENT NEAR THE WESTERN SIDE OF BOEING FIELD

WAS DETERMINED FROM AN AQUIFER PUMPING TEST CONDUCTED IN SEPTEMBER 2001 THE AQUIFER PUMPING TEST IS

PRESENTED IN APPENDIX AND INDICATESINDICATE HYDRAULIC CONDUCTIVITY IN THE
RANGE OF 400 FEETDAY 14X 101 CMSEC

DATA COLLECTED BACK AT THE EMF SITE INDICATE HYDRAULIC CONDUCTIVITY THAT IS LOWER RELATIVE TO THE MEASURED VALUE

ON THE WEST SIDE OF BOEING FIELD BASED ON SOIL TEXTURE AND
GRAIN SIZE DISTRIBUTIONS

GROUNDWATER ELEVATIONSELEVATION MEASURED IN WELLSWELL INSTALLED NEAR THE WEST SIDE OF BOEING FIELD ARE SHOWN IN FIGURE 27
BASED ON THESE ELEVATIONSELEVATION THE HYDRAULIC GRADIENT IN THISTHI AREA IE BY THE FIRE STATION ON THE WEST SIDE OF NORTH

BOEING FIELD IS 00011 FTFT

EMF DATA SUMMAR2WPD 11602

KCSIIP4 43919



30
35

40
45

50
55 DEPTH FT BGS

30 60

30
40

45
55DEPTH FT BGS

FIGURE 22 CROSSCROS SECTION SHOWING STRATIGRAPHY IN BORINGSBORING ACROSSACROS WEST SIDE OF NORTH BOEING FIELD

SPSM FINE

SILTY SAND

SM SILTY

FINE SAND

SM SILTY SAND

NORTHEMFVF25 EMFVF26

10
15

20
25

SPSM FINESAND WITH SIFT

SOUTHEMFVVF27 EMF28

SMCL SILT

WITH FINE SAND

SP SANDY FILL

CLML SILTY CLAY

SP FINE TOMEDIUM SAND

SM VERY FINESAND WITH SILT

SM VERY FINESAND WITH SILT

SMML VERY FINESANDWITH SIFT

10

SP FINE TOMEDIUM SAND

SP FINE TOMEDIUM SAND

SP FINE TO

VERY FINE SAND

15

SP MEDIUM SAND

20
25

35

HORIZONTAL DIST FT

C
CO I

CD

CLML SILTY CLAY

120

50



C
CO

CUPBI SEFFIPIIUG LACNFLOFI

FLICI ILI

JW P3 8LG4 IN 1MF P



II

SCALE IN FEET

FIGURE 24GROUNDTER GRADIENT DUNGVT SEASON EMF SITE

DATA FROM JULY 1999

FOOTPRINT OF FORMEREMF BUNG
742

DIRECTION
OF GRADIENT

MAGNITUDE OFGRADIENT 0005 FTFT

557



II

50 100 150 200 250

SCALE IN FEET

FIGURE 25GROUNDTER GRADIENT DUNGDRY SEASON EMF SITE

DATA FROM T 1999

645

502
DIRECTION

OF GRADIENT

490MAGNITUDE OFGRADIENT 0004 FTFT

521



KCSIIP4 43924



EL DI

WF2

L

I

WF

RDT

I U

36 62EMFW9 4

WR

O RL FLII

WF

EUF

39

S 33 LOCOTO

MFWF

0R O O

LEGEND FIGURE 27 GROUNDMTER GRADIENT

40

20 41

60WEIICEOPROBE OCOLUONSOCOLUON IEST SIDE OF NORTH BOEING FIELDAPPROXIMATE SC ALE IN FEET

1L H

1

U

II

C
C

CO
I

CFL

ZI769



THISTHI GRADIENT AND THE MEASURED HYDRAULIC CONDUCTIVITY RESULTSRESULT IN GROUNDWATER PORE VELOCITY IN THE
RANGE

OF 600

FEETYEAR ASSUMING AN EFFECTIVE POROSITY OF 025 THISTHI ESTIMATE OF GROUNDWATER VELOCITY IS GENERALLY CONSISTENT

WITH THE OBSERVED LENGTH AND ESTIMATED AGE OF THE CONTAMINANT PLUME THE AVERAGE GROUNDWATER GRADIENT

CALCULATED FROM THE EMF SITE ACROSSACROS BOEING FIELD IS 0002 FTFT

TABLE 21 WATER LEVEL MEASUREMENTSMEASUREMENT FROM WELL PAIRSPAIR AT EMF SITE

11118198 1I25199 4120199 728199 LOLL 999

WELL ID WATER LEVEL ELEVATION FEET NVGD29

EMFMW1SEMFMW1 635 871 843 718 629

EMFMW1D 523 783 718 592 522

EMFMW3SEMFMW3 635 871 NT NT NT

EMFMW3D 526 782 NT NT NT

EMFMWI1SEMFMWI1 516 783 703 569 492

EMFMW11D 514 783 702 569 490

243 GROUNDWATER QUALITY

THE FOLLOWING SECTIONSSECTION PROVIDE SHORT SYNOPSISSYNOPSI OF THE GROUNDWATER QUALITY DATA THE MAJORITY OF THE WATER QUALITY

DATA AND INTERPRETATION ARE PRESENTED IN SECTIONSSECTION AND 5

2431 EMF RI

THE INITIAL INTERPRETATION PRESENTED IN THE 1997 EMF RI WAS THAT THE HIGHEST LEVELSLEVEL OF VOCSVOC TCE AND

DEGRADATION BYPRODUCTSBYPRODUCT CIS1 2DICHLOROETHENE 2DCE AND VINYL CHLORIDE WERE ENCOUNTERED IN THE DEPTH

INTERVAL FROM TO 25 FT BGS THE SIZE OF THE VOC PLUME WAS ESTIMATED AT DIAMETER OF ABOUT 100 FEET TO THE

EXTENT WHERE AWQCSAWQCWOULD BE MET AND ABOUT 300 FEET TO DIAMETER WHERE MAXIMUM CONTAMINANT LEVELSLEVEL

MCLSMCL WOULD BE MET

2432 SUBSEQUENT GROUNDWATER INVESTIGATIONSINVESTIGATION

QUARTERLY GROUNDWATER SAMPLING HAS BEEN COMPLETED AT THE ONSITE EMF WELLSWELL SINCE 1997 SUMMARY OF THE

QUARTERLY MONITORING DATA IS INCLUDED IN APPENDIX THE OBJECTIVE OF THISTHI REPORT IS TO SUMMARIZE THE ADDITIONAL

INVESTI9AHONSINVESTI9AHON COMPLETED VOC PLUME AND GEOLOGICAL CHARACTERIZATION GEOPROBE INVESTIGATIONSINVESTIGATION WELL

INSTALLATIONSINSTALLATION PUMPING TEST ETC THE REVISED INTERPRETATION OF THE VOC PLUME IS PRESENTED WITH THE SUMMARY OF

LABORATORY RESULTSRESULT IN SECTION 4

EMF DATA SUMMAR2WPD 15 11602
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30 FIELD INVESTIGATIONSINVESTIGATION AND SAMPLING

THISTHI SECTION IDENTIFIESIDENTIFIE SPECIFIC FIELD ACTIVITIESACTIVITIE UNDERTAKEN DURING THE ADDITIONAL EMF RI BECAUSE THE

DOWNGRADIENT EXTENT OF CONTAMINANT MIGRATION WAS UNKNOWN AND ACCESSACCES TO POTENTIAL SAMPLING LOCATIONSLOCATION WAS

LIMITED IN SOME AREASAREA THE FIELD INVESTIGATION WAS CONDUCTED IN MULTIPLE PHASES THE FIRST PHASE INVOLVED

COLLECTION OF SAMPLESSAMPLE AT THE DOWNGRADIENT EDGE OF THE EMF LEASE PROPERTY
BASED ON POSITIVE DETECTION OF

CONTAMINANTSCONTAMINANT ABOVE CLEANUP STANDARDSSTANDARD AT THISTHI LOCATION THE BASIC CONCEPTUAL MODEL OF THE SITE GEOLOGY AND VOC

PLUME EXTENT WAS REVISED MULTIPLE FIELD INVESTIGATIONSINVESTIGATION IN THE ONSITE AREA AND DOWNGRADIENT VOC PLUME AREA

WERE SUBSEQUENTLY IMPLEMENTED THE FIELD ACTIVITIESACTIVITIE CONDUCTED DURING THESE SIX PHASESPHASE ARE DESCRIBED BELOW

31 PHASE SAMPLING

PHASE SAMPLING ACTIVITIESACTIVITIE INVOLVED COLLECTION OF GROUNDWATER SAMPLESSAMPLE ALLOCATIONSALLOCATION NEAR THE WESTERN EDGE OF

THE EMF LEASE PROPERTY THESE SAMPLESSAMPLE WERE COLLECTED TO DEFINE THE PRESENCE AND THE HORIZONTALVERTICAL EXTENT

OF VOC PLUME AT THISTHI DOWNGRADIENT PROPERTY BOUNDARY WATER SAMPLESSAMPLE WERE INITIALLY
COLLECTED FTOM FOUR

LOCATIONSLOCATION WITH MULTIPLE SAMPLESSAMPLE COLLECTED OVER THE VERTICAL PROFILE TO DEPTH OF 50 FT BGS THE SAMPLING

LOCATIONSLOCATION DESIGNATED GP1 GP2 GP3 GP4 ARE SHOWN IN FIGURE 31 FOLLOWING REVIEW OF THE ANALYTICAL

RESULTSRESULT MULTIPLE MONITORING WELLSWELL WERE INSTALLED IN THISTHI AREA MWIL MWI IS AND MW13D IN THE CENTRAL AREA

OF THE PLUME AND MWI2D AND MWI4D NEAR THE NORTHERN AND SOUTHERN PLUME BOUNDARIES

THE WELLSWELL WERE INSTALLED IN BOREHOLESBOREHOLE DRILLED USING 81HINCH OUTSIDE DIAMETER HOLLOWSTEM AUGERS SAMPLESSAMPLE OF

AQUIFER MATERIALSMATERIAL WERE COLLECTED AT APPROXIMATELY 5FT INTERVALSINTERVAL BELOW THE WATER TABLE USING SPLIT SPOON

SAMPLER MONITORING WELLSWELL WERE CONSTRUCTED INSIDE THE HOLLOWSTEM AUGERS EACH WELL WAS INSTALLED WITH 0FT

SCREENED INTERVAL WITH SCREEN CONSISTING OF 2IN DIAMETER 0010IN FACTORYSLOTTED POLYVINYL CHLORIDE PVC
SCREEN AN END CAP WAS INSTALLED ON THE BOTTOM OF EACH SCREEN THE WELL CASING ABOVE THE SCREENSSCREEN CONSISTED

OF 2IN DIAMETER SCHEDULE 40 PVC THE WELLSWELL WERE COMPLETED BELOW GRADE WITH THE WELL HEADSHEAD LOCATED INSIDE

FLUSHMOUNT SURFACE MONUMENTS LOCKING SCREWPLUG WELL CAP WAS INSTALLED IN EACH WELL EACH OF THESE NEW

WELLSWELL INSTALLED WAS SURVEYED TO IDENTIFY THE HORIZONTAL COORDINATESCOORDINATE AND TOP OF CASING ELEVATION

GROUNDWATER SAMPLESSAMPLE WERE SUBMITTED FOR LABORATORY ANALYSISANALYSI OF VOCSVOC USING US ENVIRONMENTAL PROTECTION

AGENCY EPA METHOD 8260B SAMPLESSAMPLE FOR VOC ANALYSISANALYSI WERE COLLECTED IN 40ML GLASSGLAS SEPTUMTOP VIALSVIAL WITH

NO HEADSPACE ACIDIFIED WITH HYDROCHLORIC ACID AND PRESERVED BY COOLING TO 4C OR LESS SAMPLESSAMPLE WERE

ANALYZED AT THE BOEING ENVIRONMENTAL ANALYSISANALYSI LABORATORY EAL LABORATORY ACCREDITED BY ECOLOGY

32 PHASE SAMPLING

PHASE SAMPLING ACTIVITIESACTIVITIE INVOLVED COLLECTION OF GROUNDWATER SAMPLESSAMPLE AT LOCATIONSLOCATION ON THE EMF LEASE PROPERTY

FOCUSED
INITIALLY NEAR THE SUSPECTED TCE RELEASE AND THEN INCLUDING ADDITIONAL DOWNGRADIENT SAMPLES THESE

SAMPLESSAMPLE WERE COLLECTED TO DEFINE THE HORIZONTALVERTICAL EXTENT OF VOC PLUME IN THISTHI AREA WATER SAMPLESSAMPLE

WERE INITIALLY
COLLECTED FROM 10 LOCATIONSLOCATION NEAR THE ICE SOURCE MULTIPLE SAMPLESSAMPLE COLLECTED OVER THE VERTICAL

PROFILE TO DEPTH OF 45 FT BGS THE GENERAL AREA OF THE PHASE SAMPLING IS MARKED IN FIGURE 31 AND THE

SAMPLING LOCATIONSLOCATION ARE SHOWN IN FIGURE 32 ALL OF THE SAMPLING IN THISTHI PHASE WAS COMPLETED USING GEOPROBE

RIG

EMF DATA SUMMAR2WPD 16 11602
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GROUNDWATER SAMPLESSAMPLE WERE SUBMITTED FOR LABORATORY ANALYSISANALYSI OF VOCSVOC USING EPA METHOD 8260B SAMPLESSAMPLE FOR

VOC ANALYSISANALYSI WERE COLLECTED IN 40ML GLASSGLAS SEPTUMTOP VIALSVIAL WITH NO HEACISPACE ACIDIFIED WITH HYDROCHLORIC

ACID AND PRESERVED BY COOLING TO 4C OR LESS SAMPLESSAMPLE WERE ANALYZED AT THE BOEING EAL

33 PHASE SAMPLING

PHASE SAMPLING ACTIVITIESACTIVITIE INVOLVED COLLECTION OF GROUNDWATER SAMPLESSAMPLE AT ADDITIONAL LOCATIONSLOCATION ON THE EMF LEASE

TO DEFINE THE EXTENT OF THE ONSITE VOC PLUME THESE SAMPLESSAMPLE WERE COLLECTED USING GEOPROBE NG WITH MULTIPLE

SAMPLESSAMPLE OVER DEPTH WATER SAMPLESSAMPLE WERE COLLECTED TO DEFINE THE AREASAREA WHERE SOURCE CONTROL WOULD

SUBSEQUENTLY BE IMPLEMENTED THE GENERAL AREA OF THE PHASE SAMPLING LOCATIONSLOCATION ARE SHOWN IN FIGURE 31
THE SAMPLING IN THE PHASE OF THE INVESTIGATIONSINVESTIGATION WAS FOCUSED ON WATER SAMPLESSAMPLE FROM DEPTH OF ABOUT 25 TO 45

GROUNDWATER SAMPLESSAMPLE WERE SUBMITTED FOR LABORATORY ANALYSISANALYSI OF VOCSVOC USING EPA METHOD 8260B SAMPLESSAMPLE FOR

VOC ANALYSISANALYSI WERE COLLECTED IN 40ML GLASSGLAS SEPTUMTOP VIALSVIAL WITH NO HEADSPACE ACIDIFIED WITH HYDROCHLORIC

ACID AND PRESERVED BY COOLING TO 4C OR LESS SAMPLESSAMPLE WERE ANALYZED AT THE BOEING EAL

34 PHASE SAMPLING

PHASE SAMPLING ACTIVITIESACTIVITIE INVOLVED COLLECTION OF GROUNDWATER SAMPLESSAMPLE AT LOCATIONSLOCATION WITHIN THE GRASSY STRIP

BETWEEN THE TWO RUNWAYSRUNWAY AT BOEING FIELDIKCLA THESE SAMPLESSAMPLE WERE COLLECTED TO DEFINE THE HORIZONTAL EXTENT

IE WIDTH OF THE PLUME CROSSING THE GRASSY STRIP AS WELL AS THE VERTICAL DISTRIBUTION OF CONTAMINANTSCONTAMINANT IN THE

AQUIFER BENEATH THE GRASSY STRIP SAMPLESSAMPLE WERE COLLECTED FROM SIX LOCATIONSLOCATION SHOWN IN FIGURE 33 GEOPROBE

RIG WAS USED TO COLLECT THESE SAMPLES PREVIOUSPREVIOU SAMPLING EAST OF THISTHI LOCATION FROM THE PRIOR PHASESPHASE OF

INVESTIGATION HAD SHOWN THE PLUME TO BE STRATIFIED AT AN INTERVAL BETWEEN 35 AND 45 FT BGS BASED ON THISTHI

INFORMATION SAMPLESSAMPLE WERE COLLECTED BEGINNING AT DEPTH OF 30 FT BGS SAMPLESSAMPLE WERE THEN COLLECTED AT

APPROXIMATE 10 FT INTERVALSINTERVAL UNTIL THE LOW PERMEABILITY LAYER UNDERLYING THE AQUIFER WAS ENCOUNTERED THREE

SAMPLESSAMPLE WERE COLLECTED AT EACH LOCATION THESE SAMPLESSAMPLE WERE COLLECTED AT DEPTHSDEPTH OF 30 FT 40 FT AND 450147 FT

DEPENDING ON SITE STRATIGRAPHY

GROUNDWATER SAMPLESSAMPLE COLLECTED USING THE GEOPROBE RIG WERE ANALYZED FOR VOCSVOC AND CHLORIDE IONS VOC

ANALYSISANALYSI WAS PERFORMED TO DETERMINE THE CONCENTRATIONSCONCENTRATION OF ICE AND DEGRADATION PRODUCTSPRODUCT IN GROUNDWATER AT

VARIOUSVARIOU DEPTHSDEPTH AND LOCATIONS CHLORIDE ANALYSISANALYSI WAS PERFORMED TO DETERMINE CONCENTRATIONSCONCENTRATION OF CHLORIDE WHICH

IS BYPRODUCT OF REDUCTIVE DECHLORINATION BELIEVED TO BE THE PRINCIPLE DEGRADATION MECHANISM OF TCE IN

GROUNDWATER AT THE SITE

GROUNDWATER SAMPLESSAMPLE WERE SUBMITTED FOR LABORATORY ANALYSISANALYSI OF VOCSVOC USING EPA METHOD 8260B AND CHLORIDE

IONSION USING EPA METHOD 3000 SAMPLESSAMPLE FOR VOC ANALYSISANALYSI WERE COLLECTED IN 40ML GLASSGLAS SEPTUMTOP VIALSVIAL WITH

NO HEADSPACE ACIDIFIED WITH HYDROCHLORIC ACID AND PRESERVED BY COOLING TO 4C OR LESS SAMPLESSAMPLE FOR CHLORIDE

ION ANALYSISANALYSI WERE COLLECTED IN 500ML POLYETHYLENE BOTTLES SAMPLESSAMPLE WERE ANALYZED AT THE BOEING EAL

THISTHI SAMPLING WAS COMPLETED IN NOVEMBER 2000 FIELD WORK IN THISTHI ACTIVE RUNWAY AREA REQUIRED CLOSING OF THE

AIRPORT AND THEREFORE ONLY GEOPROBE SAMPLESSAMPLE WERE COLLECTED NO WELLSWELL WERE INSTALLED DUE TO THE ACCESSACCES

RESTRICTIONS THE SAMPLING WAS COMPLETED OVER SERIESSERIE OF THE NIGHTSNIGHT THE AIRPORT COULD ONLY BE CLOSED FOR

FEW HOURSHOUR EACH NIGHT
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THE
BOEING EAL PROVIDED 12 HOUR TURN AROUND FOR THE FIRST TWO NIGHTSNIGHT OF SAMPLING AND THE RESULTSRESULT WERE

EVALUATED PRIOR TO ADDITIONAL SAMPLING ALL OF THE
SAMPLING LOCATIONSLOCATION INCLUDED MULTIPLE SAMPLESSAMPLE COLLECTED OVER

DEPTH AND ALL SAMPLING LOCATIONSLOCATION UTILIZED FIELD SCREENING TO IDENTIFY THE VERTICAL INTERVAL WHERE THE HIGHEST VOC
CONCENTRATIONSCONCENTRATION WERE PRESENT

35 PHASE SAMPLING

PHASE
SAMPLING ACTIVITIESACTIVITIE INVOLVED COLLECTION OF GROUNDWATER SAMPLESSAMPLE AT LOCATIONSLOCATION ALONG THE WESTERN SIDE OF

BOEING FIELD THESE SAMPLESSAMPLE WERE COLLECTED TO DEFINE THE HORIZONTAL EXTENT IE WIDTH OF THE PLUME IN THE AREA
AS WELL AS THE VERTICAL DISTRIBUTION OF CONTAMINANTSCONTAMINANT IN THE AQUIFER IN THISTHI AREA SAMPLESSAMPLE WERE COLLECTED FROM

SEVEN LOCATIONSLOCATION AS PREVIOUSLY SHOWN IN FIGURE 33 SAMPLE LOCATIONSLOCATION WERE BASED ON THE EXPECTED LOCATION OF

THE PLUME AS PROJECTED USING THE RESULTSRESULT OF THE PHASE SAMPLING AS DURING PHASE SAMPLESSAMPLE WERE COLLECTED

USING GEOPROBE RIG BASED ON THE RESULTSRESULT OF THE PRIOR SAMPLING PHASE SAMPLESSAMPLE WERE COLLECTED OVER THE

SAME VERTICAL INTERVAL AS PHASE IE FROM 30 FT BGS DOWNWARD AT LOFT INTERVALS FROM TWO TO FOUR SAMPLESSAMPLE
WERE COLLECTED AT EACH LOCATION DEPENDING ON SITE STRATIGRAPHY

GROUNDWATER SAMPLESSAMPLE WERE SUBMITTED FOR LABORATORY ANALYSISANALYSI OF VOCSVOC USING EPA METHOD 8260B SAMPLESSAMPLE FOR

VOC ANALYSISANALYSI WERE COLLECTED IN 40ML GLASSGLAS SEPTUMTOP VIALSVIAL WITH NO HEADSPACE ACIDIFIED WITH HYDROCHLORIC

ACID AND PRESERVED BY COOLING TO 4C OR LESS SAMPLESSAMPLE WERE ANALYZED AT ANALYTICAL RESOURCESRESOURCE INC ARI
LABORATORY ACCREDITED BY ECOLOGY

36 PHASE SAMPLING

PHASE FIELD ACTIVITIESACTIVITIE INCLUDED INSTALLATION OF FIVE NEW MONITORING WELLSWELL NEAR THE WEST SIDE OF BOEING FIELD

THESE WELLSWELL WERE INSTALLED AT THE LOCAHONSLOCAHON INDICATED IN FIGURE 34 FOUR OF THE WELL LOCATIONSLOCATION ARE ALONG THE

WESTERN BOUNDARY WITH WEST MARGINAL WAY WHERE THERE HAD BEEN NO PREVIOUSPREVIOU SOIL OR GROUNDWATER SAMPLING AS

RESULT GEOPROBE BORINGSBORING WERE INSTALLED IN THISTHI AREA TO CONFIRM THE STRATIGRAPHY AND COLLECT GROUNDWATER

SAMPLES GEOPROBE LOCATIONSLOCATION ARE IDENTIFIED AS AND IN FIGURE 34 GROUNDWATER SAMPLESSAMPLE WERE

ANALYZED FOR VOCSVOC AS DESCRIBED ABOVE FOR PHASESPHASE AND ILL THE FINAL WELL LOCATIONSLOCATION WERE DETERMINED BASED ON

THE RESULTSRESULT OF ANALYSISANALYSI OF THESE SAMPLES IN ADDITION TO THESE FOUR WELLSWELL ONE ADDITIONAL WELL WAS INSTALLED

UPGRADIENT ALONG THE APPROXIMATE CENTERLINE OF THE PLUME THISTHI UPGRADIENT WELL WAS INSTALLED TO COLLECT

GROUNDWATER ELEVATION DATA NEEDED TO DETERMINE THE HYDRAULIC GRADIENT ACROSSACROS THE AREA IN ADDITION TO THE WATER

SAMPLESSAMPLE DESCRIBED ABOVE SAMPLESSAMPLE OF THE AQUIFER MATERIAL WERE ALSO COLLECTED FROM THE GEOPROBESGEOPROBE IN ORDER TO

DETERMINE PARTICLESIZE DISTRIBUTIONSDISTRIBUTION USING AMERICAN
SOCIETY FOR TESTING AND MATERIALSMATERIAL ASTM METHOD D42263

THE WELLSWELL WERE INSTALLED IN BOREHOLESBOREHOLE DRILLED USING 8Y4INCH OUTSIDE DIAMETER HOLLOWSTEM AUGERS SAMPLESSAMPLE OF

AQUIFER MATERIALSMATERIAL WERE COLLECTED AT APPROXIMATELY 5FT INTERVALSINTERVAL BELOW THE WATER TABLE USING SPLIT SPOON

SAMPLER MONITORING WELLSWELL WERE CONSTRUCTED INSIDE THE HOLLOWSTEM AUGERS EACH WELL WAS INSTALLED WITH 10FT

SCREENED INTERVAL WITH SCREEN CONSISTING OF 2IN DIAMETER 0010IN
FACTORYSLOTTED POLYVINYL CHLORIDE PVC

SCREEN AN END CAP WAS INSTALLED ON THE BOTTOM OF EACH SCREEN THE WELL CASING ABOVE THE SCREENSSCREEN CONSISTED

OF 2IN DIAMETER SCHEDULE 40 PVC THE WELLSWELL WERE COMPLETED BELOW GRADE WITH THE WELL HEADSHEAD LOCATED INSIDE

FLUSHMOUNT SURFACE MONUMENTS LOCKING SCREWPLUG WELL CAP WAS INSTALLED IN EACH WELL

EMF DATA SUMMAR2WPD 21 11602
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361 AQUIFER PUMPING TEST

THE AQUIFER PUMPING TEST WAS CONDUCTED BASED ON THE RECOMMENDATIONSRECOMMENDATION OF THE PROJECT PEER REVIEW TEAM TO

MEASURE THE HYDRAULIC CONDUCTIVITY OF THE AQUIFER IN THE AREA OF INTEREST THE CONDUCTIVITY DETERMINED FROM THE

TEST IS ONE OF THE KEY PARAMETERSPARAMETER USED IN TRANSPORT AND DEGRADATION RATE CONSTANT CALCULATIONSCALCULATION AS WELL AS FOR

DESIGN OF ANY REMEDIAL ACTIONSACTION DEEMED NECESSARY THE AQUIFER PUMPING TEST WAS CONDUCTED IN THE SPECIFIC

STRATIGRAPHIC INTERVAL OF THE AQUIFER WHERE THE EMF VOC PLUME IS PRESENT THISTHI VERTICAL INTERVAL OF THE AQUIFER IS

EXPECTED TO HAVE HIGHER HYDRAULIC CONDUCTIVITY RELATIVELY THAN OTHER PORTIONSPORTION OF THE AQUIFER BASED ON VISUAL

OBSERVATIONSOBSERVATION OF THE SOIL TEXTURE AND COMPARISON OF GRAIN SIZE DISTRIBUTIONS

THE TEST WAS CONDUCTED IN THREE PARTSPART CONSISTING OF STEPDRAWDOWN TEST CONSTANT RATE TEST AND RECOVERY

TEST THE STEPDRAWDOWN TEST WAS CONDUCTED BY PUMPING THE EXTRACTION WELL AT INCREASING FLOW INCREMENTSINCREMENT AND

MEASURING DRAWDOWN OVER TIME IN THE EXTRACTION WELL THE CONSTANT RATE TEST WAS CONDUCTED BY PUMPING THE

EXTRACTION WELL AT CONSTANT RATE FOR PERIOD OF 24 HOURS THE WATER LEVELSLEVEL IN FIVE WELLSWELL WERE MONITORED DURING

THE CONSTANT RATE TEST THE RECOVERY TEST BEGAN IMMEDIATELY AFTER COMPLETION OF THE CONSTANT RATE TEST THE

RECOVERY TEST WAS CONDUCTED BY MEASURING RECOVERY OF THE DRAWDOWN IN THE EXTRACTION WELL AND OBSERVATION

WELLSWELL OVER TIME AFTER CESSATION OF PUMPING

WELL EMF WF35 4INCH DIAMETER WELL WAS USED AS THE EXTRACTION WELL FOUR 2INCH DIAMETER WELLSWELL WERE

USED AS OBSERVATION WELLSWELL

EMF WF27 29 FEET FROM EMF WF35

EMF WF26 92 FEET FROM EMF WF35

EMF WF28 174 FEET FROM EMF WF35

EMF WF29 259 FEET FROM EMF WF35

37 QUALITY ASSURANCE

THE QUALITY ASSURANCE QA AND QUALITY CONTROL QC ACTIVITIESACTIVITIE CONDUCTED DURING THE RI INDICATED NO CONCERNSCONCERN

WITH RESPECT TO THE USABILITY OF THE RI DATA SOME OF THE SAMPLESSAMPLE REQUIRED DILUTION IN ORDER TO BRING THE SAMPLE

CONCENTRATION WITHIN THE INSTRUMENT CALIBRATION RANGE IN THESE CASESCASE IE WHERE HIGH VOC LEVELSLEVEL WERE PRESENT

SOME OF THE DETECTION LIMITSLIMIT WERE ELEVATED FOR OTHER VOC COMPOUNDS THISTHI REQUIRED DILUTION FOR ANALYSISANALYSI WAS

ONLY USED IN CASESCASE WHERE VOCSVOC WERE FOUND TO BE AT ELEVATED LEVELS THEREFORE INCREASED DETECTION LIMITSLIMIT FOR

OTHER COMPOUNDSCOMPOUND ARE NOT OF CONCERN BECAUSE THEY ARE WITHIN THE PLUME WHERE ACTION LEVELSLEVEL ARE TO BE SET BY THE

VOCSVOC THAT ARE PRESENT AT HIGH LEVELS SPECIFIC QAIQC ACTIVITIESACTIVITIE ARE RESULTSRESULT ARE SUMMARIZED BELOW

SAMPLESSAMPLE WERE ANALYZED FOR VOCSVOC USING EPA METHOD 8260B THE SAMPLESSAMPLE WERE LABELED SEALED UNDER CHAIN OF

CUSTODY AND DELIVERED TO THE BOEING EAL OR ARI ON THE DAY OF COLLECTION ALL SAMPLESSAMPLE WERE FOUND TO BE INTACT ON

DELIVERY TO THE EAL OR ARI THE SAMPLESSAMPLE WERE PRESERVED WITH HYDROCHLORIC ACID AS SPECIFIED IN THE PROJECT

QAFLELD SAMPLING PLAN FSP ANALYSISANALYSI OF ALL VOC SAMPLESSAMPLE WAS COMPLETED WITHIN THE REQUIRED 14DAY HOLDING

TIME LIMIT

LABORATORY QC HAS INCLUDED SURROGATE SPIKESSPIKE AND ANALYSESANALYSE OF METHOD BLANKSBLANK MATRIX SPIKESSPIKE MATRIX SPIKE

DUPLICATESDUPLICATE AND LABORATORY CONTROL SAMPLESSAMPLE LCS THE SURROGATE RECOVERIESRECOVERIE AND LCS RESULTSRESULT WERE ALL WITHIN THE

LABORATORY ACCEPTANCE LIMITSLIMIT SET BY THE LAB ALL VOCSVOC WERE BELOW METHOD DETECTION LIMITSLIMIT FOR ALL METHOD BLANK
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SAMPLES RESULTSRESULT OF ANALYSISANALYSI OF MATRIX SPIKESSPIKE ARID MATRIX SPIKE DUPLICATESDUPLICATE WERE ALL WITHIN THE LABORATORY

ACCEPTANCE LIMITSLIMIT FOR SET BY THE LAB

FIELD QC ACVITIESACVITIE INCLUDED COLLECTION OF FIELD DUPLICATE SAMPLES THE FIELD DUPLICATESDUPLICATE TAKEN DURING THE DIFFERENT

SAMPLING EVENTSEVENT WERE ALL WITHIN THE PROJECT QAQC GOALSGOAL SPECIFIED IN THE PROJECT QA1FSP
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40 SUMMARY OF INVESTIGATION RESULTSRESULT

THE SECTION PROVIDESPROVIDE BRIEF SUMMARY OF THE NEW SITE CHARACTERIZATION DATA COLLECTED AND GENERAL INTERPRETATION

OF THE RESULTS THE DATA ARE PRESENTED SEQUENTIALLY FOR THE PHASESPHASE OF ADDED FIELD INVESTIGATIONSINVESTIGATION THAT HAVE BEEN

IMPLEMENTED

41 PHASE RESULTSRESULT AND INTERPRETATION

THE FIRST DOWNGRADIENT SAMPLIN9 WAS FOCUSED AT THE DOWNGRADIENT LEASE BOUNDARY OF THE EMF PROPERTY ONE

EXISTING WELL IN THE AREA MW5 INDICATED LOW LEVELSLEVEL OF VOCSVOC AT OR NEAR DETECTION LIMITSLIMIT BUT THE WELL WAS

COMPLETED AT SHALLOW DEPTH 20 FT BGS THE SUBSEQUENT SAMPLING IN THISTHI AREA DURING MAY 1999 INCLUDED

ONETIME GEOPROBE SAMPLESSAMPLE AND INSTALLATION OF MONITORING WELLSWELL MWI MWI AND MWI 3D THISTHI LEASE

PROPERTY BOUNDARY IS NEAR FRONT OF WHERE THE UPS PLANESPLANE ARE PARKED IN THE AREA THE GEOPROBE SAMPLING

INCLUDED MULTIPLE SAMPLESSAMPLE COLLECTED OVER THE DEPTH OF THE AQUIFER FROM ABOUT 20 TO 50 FT BGS

THE RESULTSRESULT FROM THE VOC SAMPLING IN THISTHI AREA ARE SHOWN IN FIGURESFIGURE 41 42 AND 43 AS VERTICAL CROSSCROS

SECTIONSSECTION OF THE PLUME FIGURE 31 PRESENTSPRESENT THE SAMPLING LOCATIONSLOCATION IN PLAN VIEW THE RESULTSRESULT FROM THISTHI INITIAL

ROUND OF DOWNGRADIENT CHARACTERIZATION AND SAMPLING INDICATED THE FOLLOWING

THE VOC PLUME FROM THE SITE WAS LARGER THAN ANTICIPATED IN THE INITIAL RIIFSRIIF 1997 AND THE VOC PLUME

EXTENDSEXTEND BEYOND THE LEASE PROPERTY BOUNDARY

THE ANALYTICAL RESULTSRESULT FROM THE SAMPLING INDICATED THIN HIGHLY STRATIFIED VOC PLUME THE VOC PLUME WAS

ENCOUNTERED AT DEPTH OF ABOUT 35 TO 45 FEET BGS AND THE VOC CONCENTRATIONSCONCENTRATION IN THISTHI ZONE WERE IN THE

RANGE OF 20000 TO 100000 GIL FOR THE EXPECTED DEGRADATION BYPRODUCTS MONITORING WELLSWELL IN THE SHALLOW

ZONE INDICATE LOW LEVELSLEVEL OF VOC5 IN THE RANGE OF 100 UGIL AT DEPTH OF 1010 15 FT BGS

THESE DOWNGRADIENT DATA INDICATE THAT THE VOC PLUME WAS ALMOST ENTIRELY CONVERTED FROM THE INITIAL TCE

COMPOUND INTO THE SUBSEQUENT DAUGHTER PRODUCTSPRODUCT CISI 2DCE AND VINYL CHLORIDE

THE CENTERLINE OF THE PLUME MIGRATION PATTERN WAS MAPPED BASED ON THE RESULTSRESULT OF GEOPROBE SAMPLING DATA

COLLECTED AFTER THE EMF RI AS NOTED ABOVE VOC SAMPLING RESULTSRESULT INDICATED THAT TCE FROM THE INITIAL RELEASE

AREA IS BEING CONVERTED TO THE DEGRADATION PRODUCTSPRODUCT CI 2DCE AND VINYL CHLORIDE DATA CHARACTERIZING

CONCENTRATIONSCONCENTRATION OF TCE AND DEGRADATION DAUGHTER PRODUCTSPRODUCT AT VARIOUSVARIOU DISTANCESDISTANCE DOWNGRADIENT OF THE EMF

SOURCE AREA ALONG WITH GROUNDWATER VELOCITY WERE USED TO ESTIMATE FIRSTORDER CONTAMINANT DEGRADATION RATES

FIRSTORDER CONTAMINANT DEGRADATION MODEL WAS DEVELOPED AND CALIBRATED WITH THE FIELD DATA

42 PHASE RESULTSRESULT AND INTERPRETATION

THE NEXT PHASE OF SITE INVESTIGATION WAS FOCUSED AT BETTER DELINEATION OF THE INITIAL SOURCE AREA AND PEAK

CONCENTRATIONSCONCENTRATION IN THE ONSITE PLUME THISTHI SAMPLING WAS COMPLETED DURING FEBRUARY 2000 USING GEOPROBE NG

FOR COLLECTING DISCRETE GROUNDWATER AND SOIL SAMPLESSAMPLE AT NUMEROUSNUMEROU ONSITE LOCATIONSLOCATION AND MULTIPLE DEPTH INTERVALS
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ALL SAMPLING LOCATIONSLOCATION IN THISTHI PHASE INCLUDED FIELD SCREENING OF MULTIPLE SAMPLESSAMPLE COLLECTED OVER DEPTH AND

SUBMITHNG WATERSOIL SAMPLESSAMPLE FOR VOC ANALYSISANALYSI AT THE BOEING EAL THE FIELD SCREENING INVOLVED HEADSPACE

ANALYSISANALYSI OF ONEHALF FULL 40 ML VOA BOTTLE USING PHOTO IONIZING DETECTOR PID COMPARISON OF THE ANALYTICAL

LABORATORY RESULTSRESULT WITH THE FIELD SCREENING PID MEASUREMENTSMEASUREMENT DEMONSTRATED THAT THE SCREENING TEST WAS

RELIABLE SEMIQUANTITATIVE MEASURE OF THE PRESENCE OF VOCSVOC IN GROUNDWATER AT THE SITE

THE FIRST AREA INVESTIGATED SURROUNDED THE LOCATION WHERE SEPARATE PHASE TCE WAS RECOVERED WHEN THE

RECIRCULATING WELL TREATMENT SYSTEM WAS INSTALLED THISTHI LOCATION WAS INVESTIGATED IN GREATER DETAIL BECAUSE ICE
AS NAPL WAS CONFIRMED PRESENT IN THE AREA PRIOR SAMPLING AND ICE

RECOVERY WHEN THE INITIAL TREATMENT

SYSTEM WAS STARTED IN 1997 AT THE TIME PRELIMINARY PLANSPLAN WERE CONSIDERING USE OF CHEMICAL OXIDATION IN THISTHI

AREA AND DETAILED DATA WERE COLLECTED TO MAP THE THREEDIMENSIONAL LOCATION AND EXTENT OF CONTAMINATION THISTHI

SAMPLING AREA SURROUNDED EXISTING TREATMENT WELL NVI THE LOCATION OF SAMPLING POINTSPOINT DESIGNATED OXP1

THROUGH OXP1O ARE SHOWN IN FIGURE 32 PRIOR
SAMPLING LOCATIONSLOCATION FROM THE EMF RIIFSRIIF 1997 ARE DESIGNATED

AS GP14 GP27 ETC IN FIGURE 32 THE ANALYTICAL RESULTSRESULT FROM THISTHI SAMPLING ARE PRESENTED IN TABLESTABLE 4I AND 4
2 TABLE 42 IS SUBSET OF TABLE 41 WITH ONLY THE DATA FROM LOCATIONSLOCATION CLOSEST TO THE POINT WHERE TCE NAPL WAS

RECOVERED PREVIOUSLY

ADDITIONAL SAMPLING CONDUCTED AT THE SAME TIME INCLUDED THREE GEOPROBE SAMPLING LOCATIONSLOCATION DESIGNATED GP
31 GP32 GP33 AT POSITIONSPOSITION BETWEEN THE DOWNGRADIENT TREATMENT WELL NV2 AND THE LEASE PROPERTY

BOUNDARY WHERE ELEVATED VOC CONCENTRATIONSCONCENTRATION WERE DETECTED IN THE PRIOR PHASE SAMPLING THE LABORATORY

RESULTSRESULT FROM SAMPLESSAMPLE THESE SAMPLESSAMPLE ARE PRESENTED IN TABLE 43

THE RESULTSRESULT FROM THISTHI PHASE OF THE SITE SAMPLING AND CHARACTERIZATION INDICATED THE FOLLOWING

THE INITIAL AREA OF THE KNOWN TCE RELEASE THE LOCATION WHERE TCE NAPL WAS RECOVERED NO LONGER

CONTAINSCONTAIN THE HIGHEST CONCENTRATIONS

IN THE IMMEDIATE
VICINITY OF THE KNOWN ICE RELEASE LOCATION THE CONCENTRATIONSCONCENTRATION ARE REDUCED TO LEVELSLEVEL THAT

ARE NO LONGER INDICATIVE OF CONTINUING NAPL SOURCE IN THE AREA PEAK CONCENTRATIONSCONCENTRATION IN GROUNDWATER ARE AT

CONCENTRATIONSCONCENTRATION LESSLES THAN 05 OF THE ICE SOLUBILITY LIMIT AND EXTENSIVE VERTICAL AND HORIZONTAL
SAMPLING HAS

BEEN CONDUCTED IN THE IMMEDIATE AREA

THE HIGHEST VOC CONCENTRATIONSCONCENTRATION WERE DETECTED
DOWNGRADIENT OF THE EXISTING TREATMENT SYSTEM AREA OF

INFLUENCE PEAK CONCENTRATIONSCONCENTRATION OF 400000 JGL TOTAL VOCSVOC WERE DETECTED

THE SITE DATA INDICATE THAT THE ICE IS BEING RAPIDLY DEGRADED TO THE EXPECTED DAUGHTER PRODUCTSPRODUCT OF CISI 2
DCE AND VINYL CHLORIDE AT THE SOURCE AREA ICE COMPRISESCOMPRISE ALMOST 100 OF THE TOTAL VOCSVOC ICE IN THE

DOWNGRADIENT SAMPLESSAMPLE IS IN THE RANGE OF 01 TO 05 OF THE TOTAL VOCSVOC DETECTED FOR THE SAMPLESSAMPLE WITH HIGH

VOC LEVELS

THE CONCEPTUAL MODEL OF THE SITE GEOLOGY AND PLUME DISTRIBUTION MUST BE REVISED TO REFLECT THE OBSERVATIONSOBSERVATION

OF THE THIN STRATIFIED PLUME AND THE PRESENCE OF
SEMICONFINING LAYER AT ABOUT 30 TO 35 FT BGS THE REVISED

CONCEPTUAL MODEL OF SITE CONDITIONSCONDITION IS PRESENTED AS CROSSCROS SECTION IN FIGURE 44
THE EXISTING DOWNGRADIENT TREATMENT WELL NV2 WAS COMPLETED IN THE UPPER AQUIFER ZONE AND WOULD NOT

CONTROL THE PLUME MIGRATION BELOW THE SEMICONFINING LAYER PRESENT AT 30 TO 32 FT BGS THE MAJORITY OF THE

VOCSVOC ARE PRESENT IN PERMEABLE ZONE LOCATED ABOUT 35 TO 45 FT BGS BASED ON THISTHI INTERPRETATION THE

EXISTING NV2 WELL WAS CLOSED AND REPLACED WITH DEEPER WELL COMPLETED TO DEPTH OF 43 FT BGS THISTHI WELL

CLOSURE AND REPLACEMENT WAS COMPLETED IN APRIL 2000
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TABLE 41 RESULTSRESULT FROM GEOPROBE SAMPLESSAMPLE
COLLECTED NEAR KNOWN TCE RELEASE AREA 21212000

LOCATION

LJA1UL 22
28

33
36

LXPO222

27
33

XPO329
35

XPO424

26
36

0XP0528

LEPTH FT

BGS

1923

2529

3135

3640

20 24

2529
3337

2731

3337

2226

2832

3438

ICE

1160

5900

34U

418

2645

135

160

3955

5600
29

2DCE

1444

5750

263

13150

109

2690

3880

4580

6210

275

65

33

12DCE

13

1855

795

1790

VOC COMPOUNDSCOMPOUND JSGIL

UATUO24 2226 602

32 3034

OXPIO24 2226 1220
32 3034

33

38

QXPO626

I
OXPO722

30
38

2630
3135

3640

2630

3236

2024

2832

3438

1805

824

11

1543

972

12

65

80

100

1150

112

70

28

21

35

77

RINYL
CHIORIDE

13

26B

5050

17

165

3565

105

6350

100

30
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TABLE 42 DATA FROM SAMPLING LOCATIONSLOCATION CLOSEST

TO KNOWN ICE RELEASE AREA 21212000

WATER CONCENTRATION IN

LOCATION DEPTH FT BGA RCE 12DCE I2DCE

CHLORIDE

OXPO122 1923 1160 1444 13

28 2529 5900 5750 285

33 3135 1340 263 13

38 3640 13150 1855 5050
OXPO424 2226 3955 275 100

28 2632 5600 65

36 3438 29 33

OXPO722 2024 12 28 30

30 2832 65 21

36 3438 35

VINYL

TCE C12DCE T12DCE CHLORIDE

AVERAGE 1806 2106 189 548

MAX 5900 13150 1855 5050

TABLE 43 RESULTSRESULT FROM DOWN GRADIENT GEOPROBE

SAMPLESSAMPLE COLLECTED ON 211212000

VOC COMPOUNDSCOMPOUND TGL
LOCATION LEPTH RCE 12DCE 12DCE VINYL

BGS CHLORIDE

GP3I 3034 186 1530 81 1600
3640 500 281000 16800 86600

GP33 3034 1930 400 5300
3640 1000 78800 25600 89800

GP32 3034

364U

925

250

6000

64500

535

6200
2540

24050
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43 PHASE RESULTSRESULT AND INTERPRETATION

THE NEXT PHASE OF SITE INVESTIGATION WAS FOCUSED AT BETTER DELINEATION OF THE DISTRIBUTION AND BOUNDARIESBOUNDARIE OF THE

ONSITE PLUME THISTHI SAMPLING WAS COMPLETED USING GEOPROBE RIG FOR
COLLECTING DISCRETE GROUNDWATER AND SOIL

SAMPLESSAMPLE AT NUMEROUSNUMEROU ONSITE LOCATIONSLOCATION AND MULTIPLE DEPTH INTERVALS ALL SAMPLING LOCATIONSLOCATION IN THISTHI PHASE INCLUDED

FIELD
SCREENIN9 OF MULTIPLE SAMPLESSAMPLE COLLECTED OVER DEPTH AND SUBMITTING WATERSOIL SAMPLESSAMPLE FOR VOC ANALYSISANALYSI AT

THE BOEING EAL

THE SAMPLING CONDUCTED IN THISTHI PHASE WAS INITIATED TO DEFINE THE EXTENT OF THE HIGH CONCENTRATIONSCONCENTRATION PRESENT IN THE

VOC PLUME DATA NEEDED FOR PLANNINGDESIGN OF SOURCE TREATMENT REMEDIAL ACTIONSACTION AND DATA TO DEFINE THE

BOUNDARIESBOUNDARIE OF THE PLUME THE SAMPLING LOCATIONSLOCATION WERE SELECTED USING AN OBSERVATIONAL APPROACH WHERE LIMITED

NUMBER OF LOCATIONSLOCATION WERE SAMPLED BETWEEN AND IN ONE DAY AND THE RESULTSRESULT WERE EVALUATED PRIOR TO

ADDITIONAL SAMPLING THE BOEING EAL PROVIDED 1DAY TURN AROUND FOR THE KEY SAMPLING EVENTS ALL OF THE

SAMPLING LOCATIONSLOCATION INCLUDED MULTIPLE SAMPLESSAMPLE COLLECTED OVER DEPTH AND ALL SAMPLING LOCATIONSLOCATION UTILIZED FIELD

SCREENING TO IDENTIFY THE VERTICAL INTERVAL WHERE THE HIGHEST IF ANY VOC CONCENTRATIONSCONCENTRATION WERE PRESENT

TOTAL OF 27 NEW GEOPROBE SAMPLING LOCATIONSLOCATION WERE TESTED IN THISTHI PHASE DESIGNATED GP34 THROUGH GP60
DURING MARCH AND APRIL 2000 THE LOCATIONSLOCATION WERE SPREAD ACROSSACROS THE EMF SITE AND DOWNGRADIENT AREASAREA THE

WESTERN MOST LOCATIONSLOCATION WERE AT THE EASTERN TAXIWAY NEAR THE TAIL END OF THE PARKED UPS PLANESPLANE DESIGNATED GP
41 GP42 GP43 AND THE SOUTHERN MOST LOCATIONSLOCATION WERE NEAR THE SOUTHERN PLUME BOUNDARY LOCATIONSLOCATION DESIGNATED

GP49 GP50 THE WESTERN MOST SAMPLING LOCATIONSLOCATION GP41 GP42GP43 ARE LOCATED ON THE ON THE WEST SIDE

OF THE FORMER STREAM CHANNEL WHICH CUT THROUGH THE AREA BEFORE THE DUWAMISH WATERWAY WAS REDIRECTED TO IS

PRESENT COURSE

THE ANALYTICAL RESULTSRESULT FROM THISTHI PHASE OF SAMPLING ARE PRESENTED IN FIGURESFIGURE 45 46 AND 47 THE ANALYTICAL DATA

PRESENTED IN THESE FIGURESFIGURE ARE THE PEAK CONCENTRATIONSCONCENTRATION DETECTED OVER THE VERTICAL PROFILE TESTED THE NUMBER OF

LABORATORY SAMPLESSAMPLE COLLECTED OVER DEPTH VARIED FROM BETWEEN IWO AND FOUR DEPENDING ON THE LOCATION ONE

SAMPLING LOCATION IN THE CENTRAL AREA OF THE PLUME IE AN AREA WITH THE HIGHEST CONCENTRATIONSCONCENTRATION IN THE OVERLYING

AQUIFER GP38 WAS EXTENDED THROUGH THE
UNDERLYING AQUITARD FOUND AT 45 TO 55 FT BGS SOIL AND WATER

SAMPLESSAMPLE COLLECTED BELOW THE AQUITARD INDICATED NONDETECT LEVELSLEVEL FOR VOCS THISTHI SAMPLING LOCATION WAS CLOSED

BY INJECTING GROUT UNDER PRESSURE IN TREMIE PIPE FROM THE BOTTOM OF THE BORING UPWARD AS THE GEOPROBE ROD WAS

REMOVED

THE RESULTSRESULT FROM THISTHI PHASE OF THE SITE SAMPLING AND CHARACTERIZATION INDICATED THE FOLLOWING

THE VERTICAL ELEVATION OF THE VOC PLUME REMAINSREMAIN IN THIN STRATIFIED PLUME PRESENT AT ABOUT 35 TO 45 FT BGS

THE WESTERN MOST
SAMPLING LOCATIONSLOCATION GP41 GP42 GP43 AT THE EASTERN TAXIWAY NEAR THE TAIL END OF THE

PARKED UPS PLANESPLANE INDICATE THAT THE PLUME MIGRATION PATTERN APPEARSAPPEAR TO MAINTAIN THE SAME DIRECTION AFTER

PASSING OVER THE LOCATION OF THE FORMER STREAM CHANNEL THE MINIMUM PLUME WIDTH WAS ESTIMATED BASED ON

THESE
SAMPLING LOCATIONS VOC DATA FROM THESE LOCATIONSLOCATION INDICATED THAT THE PLUME WIDTH IN THISTHI AREA WAS AT

LEAST 250 FEET WIDE

THE SOUTHERN MOST SAMPLING LOCATIONSLOCATION GP49 GP50 DEFINE THE SOUTHERN PLUME BOUNDARY WITH ALL VOCSVOC
NEAR OR BELOW DETECTION LIMITS
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SOIL AND WATER SAMPLESSAMPLE COLLECTED FROM THE DEEPER AQUIFER ZONE GP38 INDICATE THAT THE VOC PLUME HAS NOT

MIGRATED THROUGH THE UNDERLYING AQUITARD THISTHI IS CONSISTENT WITH PRIOR SAMPLESSAMPLE COLLECTED IN THE 1997 EMF RI

THISTHI SAMPLING LOCATION IS LOCATED IN THE CENTRAL AREA OF THE PLUME WITH PEAK VOC CONCENTRATIONSCONCENTRATION PRESENT IN

THE OVERLYING AQUIFER

44 PHASE RESULTSRESULT AND INTERPRETATION

BASED ON THE REVISED CONCEPTUAL MODEL OF THE VOC PLUME THE NEXT PHASE OF SAMPLING WAS PLANNED ON THE

WESTERN SIDE OF BOEING FIELD FOLLOWING REVIEW OF THE INVESTIGATION WORK PLAN BY KING COUNTY THE PLAN WAS

MODIFIED TO INCLUDE SAMPLING IN THE MIDDLE OF BOEING FIELD BETWEEN THE RUNWAYS THISTHI PHASE OF SAMPLING

INVOLVED COLLECTING GROUNDWATER SAMPLESSAMPLE FROM GEOPROBE BORINGSBORING INSTALLED IN THE GRASSY STRIP BETWEEN THE TWO

ACTIVE RUNWAYSRUNWAY APPROXIMATELY 1000 FT DOWNGRADIENT OF THE EMF SOURCE AREA

THE SAMPLESSAMPLE WERE COLLECTED DURING NOVEMBER 2000 FROM SIX LOCATIONSLOCATION ACROSSACROS THE PROJECTED LOCATION OF THE PLUME
THE BORING LOCATIONSLOCATION IN THISTHI AREA WERE DESIGNATED CFI THROUGH CF6 THE CF DESIGNATION STANDSSTAND FOR CENTER OF

FIELD SAMPLE LOCATIONSLOCATION ARE SHOWN IN FIGURE 33 THE SAMPLING AND ANALYSISANALYSI RESULTSRESULT ARE PRESENTED IN TABLE 44
AND FIGURE 48 THE ANALYTICAL RESULTSRESULT FROM THE SAMPLESSAMPLE INDICATED VOCSVOC IN EXCESSEXCES OF AWQCSAWQCFROM BORING CFI
NORTHWARD TO BORING CF5 DISTANCE OF APPROXIMATELY 400 FT BORING CFI WAS PLACED AT THE ESTIMATED LOCATION

OF THE CENTERLINE OF THE PLUME AS BASED ON RESULTSRESULT OF PREVIOUSPREVIOU GROUNDWATER SAMPLING AND THE GROUNDWATER

GRADIENT AT THE EMF SITE BASED ON THE RESULTSRESULT SHOWN IN TABLE 44 AND FIGURE 48 THE ACTUAL CENTERLINE OF THE

PLUME ACTUALLY APPEARSAPPEAR TO BE IN THE VICINITY OF BORING CF2 APPROXIMATELY 150 FT NORTHWEST OF THE INITIAL ESTIMATE

THISTHI REVISED CENTERLINE LOCATION IS CONSISTENT WITH THE REGIONAL GROUNDWATER GRADIENT AS IT IS APPROXIMATELY

PERPENDICULAR TO THE DUWAMISH WATERWAY SEE SECTION 242

AS SHOWN IN FIGURE 45 CONCENTRATIONSCONCENTRATION OF VOCSVOC ABOVE AWQCSAWQC WERE GENERALLY LIMITED TO THE DEPTH INTERVAL 40 TO

44 FT BGS BUT WERE ALSO DETECTED IN THE INTERVAL 47 TO 51 FT BGS IN ONE LOCATION BORING CF4 THE CONCENTRATIONSCONCENTRATION

OF VINYL CHLORIDE DETECTED IN THE SAMPLESSAMPLE FROM 40 TO 44 FT BGS WERE GENERALLY ONE ORDER OF MAGNITUDE OR MORE

HIGHER THAN THE CONCENTRATIONSCONCENTRATION IN THE SAMPLESSAMPLE FROM 30 FT BGS SIMILARLY IN BORINGSBORING CFI CF2 AND CF5 THE

VINYL CHLORIDE CONCENTRATIONSCONCENTRATION IN SAMPLESSAMPLE FROM 40 TO 44 FT BGS WERE ALSO ONE OR MORE ORDERSORDER OF MAGNITUDE HIGHER

THAN THE CONCENTRATIONSCONCENTRATION IN SAMPLESSAMPLE FROM 47 TO 51 FT BGS THESE RESULTSRESULT ARE INDICATIVE OF STRAFIED PLUME WHICH

IS CONSISTENT WITH PREVIOUSPREVIOU UPGRADIENT SAMPLING RESULTSRESULT FROM THE EMF SITE THE RESULTSRESULT OF THE CHLORIDE ANALYSESANALYSE

SHOWED NO CLEAR RELATIONSHIP BETWEEN CHLORIDE CONCENTRATIONSCONCENTRATION AND VOC CONCENTRAONS

THE RESULTSRESULT FROM THISTHI PHASE OF THE SITE SAMPLING AND CHARACTERIZATION INDICATED THE FOLLOWING

THE VERTICAL ELEVATION OF THE VOC PLUME REMAINSREMAIN IN THIN STRATIFIED PLUME PRESENT AT ABOUT 40 TO 50 FT BGS

VOC DATA FROM THESE LOCATIONSLOCATION INDICATE THAT THE PLUME WIDTH IN THISTHI AREA WAS APPROXIMATELY 500 FEET WIDE AT
LEVELSLEVEL ABOVE THE AWQC5

PEAK CONCENTRATIONSCONCENTRATION OF CISI 2DCE WERE DETECTED AT 30000 UGLL AND VINYL CHLORIDE AT 8600 RGIL THE

LOCATIONSLOCATION WHERE THE PEAK CONCENTRATIONSCONCENTRATION WERE DETECTED ARE NOT COLOCATED TCE WAS ALSO DETECTED AT ONE

LOCATION AT LEVEL OF 11000 UGIL 25 OF THE TOTAL VOCSVOC PRESENT THISTHI DETECTION WAS SOMEWHAT SURPRISING

BECAUSE IT INDICATED THAT IN THISTHI SPECIFIC LOCATION THE TCE WAS NOT FULLY DEGRADED TO THE EXPECTED DAUGHTER

PRODUCTSPRODUCT AS UPGRADIENT SAMPLING LOCATIONSLOCATION HAD INDICATED

EMF DATE SUMMAR2WPD 37 11602
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TABLE 44 SUMMARY OF ANALYTICAL RESULTSRESULT FROM PHASE SAMPLING

SAMPHNG DEPTH ICE CL2DCE VINYL CHLORIDE CHLORIDE

LOCATION NAME ESCNPTION INTERVAL FT BGS IGIL PGLL TGIL MGLL
CF3 SOUTHERN 150 FT SE OF 30 34 50 50 105 25

MOST LOCATION STIMATED 40 44 10 10 25 320

ENTERLINE 4751 10 10 10 2000

CFI NITIALESTIMATE 3034 10 34 32 30
CENTERLINE 4044 520 10000 1300 35

4549 10 26 170 730

4549DUPLICATE 10 38 170 700

CF2 150 FT NW OF 3034 50 26 480 12

STIMATED 40 44 11000 30000 2000 68

ENTERLINE 4751 11 16 77 1300
CF4 35OFTNWOF 3034 10 10 45 14

STIMATED 4044 100 100 8600 32

ENTERLINE 4751 100 1900 5500 NS
CF5 500FTNWOF 3034 10 84 44 13

STIMATED 4044 50 50 840 100
ENTERLINE 4751 10 10 42 700

CF6 55OFTNWOF 3034 10 57 160 13

NORTHERN MOST SLIMATED 4044 10 10 10 200
LOCATION ENTEDINE 4751 10 10 10 780

SHADED CELLSCELL CONTAIN VALUESVALUE EXCEEDING CLEANUP STANDARDSSTANDARD THE STANDARDSSTANDARD SET FOR PROTECTION OF AQUATIC RESOURCESRESOURCE AND BENEFICIAL

USE OF GROUNDWATER DISCHARGING TO THE DUWAMISH WATERWAY ARE 2000 GIL TCE 220000 PGL CI 2DCE AND 525 JTGT VINYL

CHLORIDE

45 PHASE RESULTSRESULT AND INTERPRETATION

THE NEXT PHASE OF SAMPLING WAS COLLECTING GROUNDWATER SAMPLESSAMPLE FROM GEOPROBE BORINGSBORING INSTALLED ON THE WEST
SIDE OF THE ACTIVE RUNWAYSRUNWAY AND TAXIWAYSTAXIWAY APPROXIMATELY 1800 FT DOWNGRADIENT OF THE EMF SOURCE AREA THISTHI
SAMPLING WAS COMPLETED IN FEBRUARY 2001 SAMPLESSAMPLE WERE COLLECTED FROM SEVEN LOCATIONSLOCATION ACROSSACROS THE PROJECTED
LOCATION OF THE PLUME AND WERE COLLECTED AT SEVERAL DEPTHSDEPTH BASED ON THE VERTICAL DISTRIBUTION OF CONTAMINANTSCONTAMINANT AT

UPGRADIENT SAMPLE LOCATIONS SAMPLE LOCATIONSLOCATION ARE SHOWN IN FIGURE 33 AND SAMPLING AND ANALYSISANALYSI RESULTSRESULT ARE

PRESENTED IN TABLE 45 AND FIGURE 49

THE RESULTSRESULT INDICATE VOCSVOC IN EXCESSEXCES OF AWOCSAWOC IN SAMPLESSAMPLE FROM BORINGSBORING WF4 AND WF5 WHICH WERE PLACED

NEAR THE ESTIMATED LOCATION OF THE PLUME CENTERLINE AS DETERMINED FROM THE RESULTSRESULT OF THE PRIOR SAMPLING AND

REGIONAL GROUNDWATER GRADIENT THESE
BORING LOCATIONSLOCATION ARE DOWNGRADIENT OF BORING CF4 AND APPEAR TO CONFIRM

THE MIGRATION OF THE CENTERLINE OF THE VOC PLUME

EMF DATA SUMMAR2WPD 39
11602
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THE VERTICAL DISTRIBUTION OF VOCSVOC WAS SIMILAR TO THAT FROM PRIOR INVESTIGATIONSINVESTIGATION WITH CONCENTRATIONSCONCENTRATION ABOVE AWQCSAWQC
BEING DETECTED IN SAMPLESSAMPLE FROM 40 TO 44 FT BGS WF4 AND WF5 AND 50 TO 54 FT BGS WF5 ONLY AGAIN THE

RESULTSRESULT ARE CONSISTENT WITH THE PRESENCE OF STRATIFIED PLUME WITH THE HIGHEST CONCENTRATIONSCONCENTRATION IN SAMPLESSAMPLE COLLECTED

BETWEEN 40 AND 50 FEET BGS

TABLE 45 SUMMARY OF ANALYTICAL RESULTSRESULT FROM PHASE SAMPLING

SAMPLING DEPTH TCE CL2DCE VINYL

LOCATION NAME DESCRIPTION INTERVAL FT BGS 1IGIL JTGIL CHLORIDE 2911

WEI SOUTHERN MOST LOCATION 3034 10 10 18

SOUTH OF BLAST FENCE 4044 10 10 24

WF2 AJONG FENCE AFTER STORAGE 3034 10 10 36

LOCKERSLOCKER 3034 DUPLICATE 10 10 40

4044 10 10 685

WF3 ALONG FENCE IN SECURITY PARKING 3034 10 10 12

AREA 4044 10 10 20

5054 10 10 39

WF4 NEAR ESTIMATED CENTERLINE OF 3034 10 780 150

VOC PLUME 4044 3000 9100 1200

5054 10 10 37

WF5 NEAR ESTIMATED CENTERLINE OF 4044 50 1200 2200

VOC PLUME LIGHT STAND IN 5054 100 290 6000
DELIVERY AREA 50 54 DUPLICATE 100 320 6400

6064 10 10 83

WE6 2ND LIGHT STAND IN DELIVERY AREA 4044 10 10 20

5054 10 10 15

WF7 NORTHERN MOST LOCATION 3ND 27 31 10 10 25

HGHT STAND IN DELIVERY AREA 3741 10 10 12

4751 10 10 10
6468 10 10 10

SHADED CELLSCELL CONTAIN VALUESVALUE EXCEEDING CLEANUP STANDARDSSTANDARD THE STANDARDSSTANDARD SET FOR PROTECTION OF AQUATIC RESOURCESRESOURCE AND BENEFICIAL

USE OF GROUNDWATER DISCHARGING TO THE DUWAMISH WATERWAY ARE 2000 UGL TOE 220000 GL CI 2DCE AND 525 PGL VINYL

CHLORIDE

THE CONCENTRATIONSCONCENTRATION OF VOCSVOC IN THE PHASE SAMPLESSAMPLE ARE LOWER THAN THE CONCENTRATIONSCONCENTRATION IN CORRESPONDING

UPGRADIENT PHASE SAMPLES THE PREVIOUSLYDEVELOPED DEGRADATION MODEL WAS USED TO PREDICT MAXIMUM VOC
CONCENTRATIONSCONCENTRATION ALONG THE PLUME CENTERLINE AND VOC CONCENTRATIONSCONCENTRATION ALONG THE PLUME CROSSSECTIONSCROSSSECTION SAMPLED

DURING PHASESPHASE AND 5 THESE RESULTSRESULT ARE SHOWN IN FIGURESFIGURE 410 AND 411
RESPECTIVELY THESE MODELPREDICTED

CONCENTRATIONSCONCENTRATION ARE BASED ON TOTAL VOC HALF LIFE OF 19 MONTHSMONTH AND SHOW GOOD AGREEMENT WITH MEASURED

CONCENTRATIONS THESE MODEL RESULTSRESULT INDICATE THAT THE VOC PLUME SHOULD CONTINUE TO UNDERGO SIGNIFICANT

CONCENTRATION REDUCTION DUE TO NATURAL DEGRADATION BETWEEN THE WESTERN SIDE OF BOEING FIELD AND THE DUWAMISH

WATERWAY

EMF DATA SUMMAR2WPD 41 11602
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THE RESULTSRESULT FROM THISTHI PHASE OF THE SITE SAMPLING AND CHARACTERIZATION INDICATED THE FOLLOWING

THE VERTICAL ELEVATION OF THE VOC PLUME REMAINSREMAIN IN THIN STRATIFIED PLUME PRESENT AT ABOUT 40 TO 55 FT BGS

VOC DATA FROM THESE LOCATIONSLOCATION INDICATE THAT THE PLUME WIDTH IN THISTHI AREA WAS APPROXIMATELY 300 FEET WIDE AT
LEVELSLEVEL ABOVE THE AWQCS

PEAK CONCENTRATIONSCONCENTRATION OF CISI 2DCE WERE DETECTED AT 9100 UGL AND VINYL CHLORIDE AT 6400 UGL THE

LOCATIONSLOCATION WHERE THE PEAK CONCENTRATIONSCONCENTRATION WERE DETECTED ARE NOT COLOCATED TCE WAS ALSO DETECTED AT ONE
LOCATION AT LEVEL OF 3000 GL 22 OF THE TOTAL VOCSVOC PRESENT

46 PHASE RESULTSRESULT AND INTERPRETATION

THE PHASE ACTIVITIESACTIVITIE INCLUDED INSTALLATION AND SAMPLING OF NEW MONITORING WELLSWELL WELLSWELL IN APRIL 2001 ATNEAR
THE WESTERN SIDE OF BOEING FIELD GEOLOGIC CHARACTERIZATION COLLECTING SOIL SAMPLESSAMPLE FOR GRAIN SIZE ANALYSISANALYSI AND

CONDUCTING AN AQUIFER PUMPING TEST FIVE OF THE NEW WELLSWELL WERE LOCATED ALONG THE WESTERN IE DOWNGRADIENT

BOUNDARY OF THE AIRFIELD ALONG WEST MARGINAL WAY THE SIXTH WELL WAS LOCATED UPGRADIENT OF THESE AT THE WF5
SAMPLING LOCATION FROM PHASE IN ORDER TO PROVIDE GROUNDWATER ELEVATION DATA WITH WHICH TO DETERMINE THE

GRADIENT ACROSSACROS THE AREA PRIOR TO INSTALLING THE WELLSWELL ALONG THE WESTERN BOUNDARY FOUR GEOPROBE BORINGSBORING WERE
INSTALLED AT PRELIMINARY WELL LOCATIONS THESE GEOPROBE LOCATIONSLOCATION ARE IDENTIFIED AS AND IN FIGURE 412
GROUNDWATER SAMPLESSAMPLE WERE COLLECTED AT SELECTED DEPTHSDEPTH FROM THESE BORINGS THE FINAL WELL LOCATIONSLOCATION WERE
SELECTED BASED ON RESULTSRESULT FROM

LABORATORY ANALYSISANALYSI OF THESE SAMPLES WELLSWELL EMFWF26 EMFWF27 AND EMF
WF28 WERE LOCATED AT GEOPROBESGEOPROBE AND RESPECTIVELY WELL EMFWF25 WAS LOCATED TO THE NORTHWEST OF

GEOPROBE A WELL EMFWF29 WAS LOCATED TO THE EAST TO PROVIDE WATER LEVEL DATA FOR CALCULATING THE GRADIENT IN

THE AREA WELL EMFWF35 WAS LATER INSTALLED 29 FEET NORTH OF WELL EMFWF27 AS FOUR INCH WELL TO BE USED AS

AN EXTRACTION WELL DURING THE PUMPING TEST

BASED ON REVIEW OF ANALYTICAL DATA FROM THESE LOCATIONSLOCATION THE PROJECT PEER REVIEW TEAM SUGGESTED THAT HIGHER DATA

DENSITY MAY BE APPROPRIATE IN THISTHI AREA OF THE PLUME IN ORDER TO IDENTIFY PEAK VOC CONCENTRATIONSCONCENTRATION THAT COULD BE

PRESENT THE EXISTING SAMPLING LOCATIONSLOCATION WERE SPACED ON 125 FT CENTERS IN ORDER TO SATISFY THISTHI ADDITIONAL DATA

NEED FOUR MORE GEOPROBE LOCATIONSLOCATION WERE SAMPLED IN THE CENTRAL AREA OF THE PLUME TO PROVIDE HIGHER DENSITY OF

SAMPLESSAMPLE 40 FT CENTERSCENTER WITHIN THE AREA OF THE PLUME WITH THE HIGHEST VOC CONCENTRATIONS WELL LOCATIONSLOCATION ARE

ALSO SHOWN IN FIGURE 412

GROUNDWATER SAMPLESSAMPLE WERE COLLECTED DURING AUGUST 200LAT VARIOUSVARIOU DEPTHSDEPTH FROM THE SEVEN GEOPROBE BORINGSBORING
AND WERE ANALYZED FOR VOCS THESE RESULTSRESULT ALONG WITH THREE OF THE WELLSWELL ARE PRESENTED IN TABLE 46 AND FIGURE
413 THESE RESULTSRESULT ARE CONSISTENT WITH THE PREVIOUSPREVIOU SAMPLING IN TERMSTERM OF THE VERTICAL AND HORIZONTAL DISTRIBUTION

OF VOC CONTAMINATION BASED ON THE RESULTSRESULT OF THISTHI SAMPLING THE VOC PLUME IE CONCENTRATIONSCONCENTRATION ABOVE

AWQCSAWQC IS EXPECTED TO BE APPROXIMATELY 300 FT WIDE AT THE WESTERN BOUNDARY OF BOEING FIELD

MONITORING WELLSWELL WERE THEN INSTALLED AND SAMPLED GROUNDWATER SAMPLESSAMPLE WERE ANALYZED FOR VOCSVOC AS WELL AS

GENERAL WATER QUALITY PARAMETERSPARAMETER RELEVANT FOR EVALUATION OF REMEDIAL TECHNOLOGIES THE RESULTSRESULT OF THE VOC
ANALYSESANALYSE ARE PRESENTED IN TABLE 47 AND FIGURE 414 RESULTSRESULT OF GENERAL WATER QUALITY ANALYSESANALYSE ARE PRESENTED IN

TABLE 48

EMF DATA SUMMAR2WPD 44
11602

KCSIIP4 43955



C
C

COCN

IN

L

J

WF7

RL

FFLKIL WEI

EUF WV 29 J

4

15 EXTR4C LION26 116 PUMPIMG TEST

EOPROBE 1I WEI4

1G640

20 40 00AP01001IOT SC ICE

CEOPROB SAMPLING LOCATION FIGURE 412 SAMPLING LOCATIONSLOCATION IN EMF PLUMEMONUTGRNG OEII ORATION VST SIDE OF NORTH BOEING FIELD



NLONHTONNGWELL DATA
13

120

30

1099220210

50

94 54

62 10010000110001600 1700

GEOPROBE GEOPROBE GEOPROBEEMFWF26 FJF14 WF15 EMFWF27 EMFWF28 SE

EMFVVF25 GEOPROBE A12NW

21 21

25

25

16

25

29

31 31

35

3518035 25
25 1400 4111 41

45

1400

52

51

LEGEND
FT B9S

TCE DUPLICATESAMPLE INTERVAL 12DCE DUPLICATEVINYL CHLONDE DUPLICATE

BLACK INDICATESINDICATE CLEANUP UGL

LEVEL EXCEEDED

10
54

570

21
25

31
35

41
45

40
44

27002200

10
15

20
25

17

30

78

40
50

55

120

60DEPTH FT BGS

25
29

35
39

45
49

21
25 25

29

25

31

10 10

42 3534 35 IO
82

720

230

41

3900 2400

900 670

45 50
820 1700

49
55

5943 30 60

FIGURE 413 RESULTSRESULT OF PHASE GEOPROBESAMPLING ADJACENT TO EAST MARGINAL WAY

C
C

CO
CFL

HORIZONTAL DIST FT



NW

SEEMFWF25 EMFVVF26 EMFWF27 EMFWF28

LEGEND
FTBGSFTBG TCE DCE 10SAMPLE INTERVAL INYL CHLORIDEUGLBLACK INDICATESINDICATE CLEANUP 15

LEVEL EXCEEDED

20
25

30

35 35 35

3637

13 44

40

120 5600

1500 2013001300

45 HORIZONTAL 01ST FT 4647

30 60 120

50DEPTH FTBGSFTBG

FIGURE 414 RESULTSRESULT OF PHASE SAMPLING OF MONITORING WELLSWELL AT WESTERN BOUNDARY

C
CO

CFL
CO



TABLE 46 SUMMARY OF ANALYTICAL RESULTSRESULT FROM PHASE GEOPROBE SAMPLING

SAMPLING

DEPTH INTERVAL TCE CL2DCE VINYL CHLORIDE

LOCATION NAME DESCRIPTION FT BGS IGL RGIL

WBFA NORTHERN MOST LOCAON WELL WAS 2529 10 10 10
NOT COMPLETED AT THISTHI LOCATION 3539 25 25 1400
28 MARCH 2001 4549 10 10 52

WF12 CENTRAL AREA OF PLUME WELL WAS 21 25 10 10 16
NOT COMPLETED AT THISTHI LOCATION 31 35 10 10 180

29 AUGUST 2001
41 45 10 1400

WF13 CENTRAL AREA OF PLUME WELL WAS 21 25 10 10 10
NOT COMPLETED AT THISTHI LOCAFION 31 35 10 10 220

29AUGUST200L 3135DUP 99 210

41 45 10 2700 2200

5155 94

WBFB CENTRAL AREA OF PLUME COMPLETED 3034 10 54 570

AS WELL EMFWF26 40 44 62 10000 1600
28 MARCH 2001

4044DUP 100 11000 1700

5054 10 10 10
WF14 CENTRAL AREA OF PLUME WELL WAS 21 25 10 10 42
NOT COMPLETED AT THISTHI LOCATION 3135 10 10 180

29AUGUST200L 4145 230 3900 900

WF15 CENTRAL AREA OF PLUME WELL WAS 21 25 10 10 10
NOT COMPLETED AT THISTHI LOCATION 31 35 10 10 34
29AUGUST200L 4145 10 2400 670

WBFC CENTRAL AREA OF PLUME COMPLETED 2529 10 10 25
AS WELL EMFWF27 3539 10 82 720
28 MARCH 2001 4549 CZ5T3 820 1700

5559 10 10 43
WBFD SOUTHERN MOST LOCEDON BEHIND FIRE 2529 10 10 17
STALLON COMPLETED AS WELL EMFWF28 3539 10 10 78
28 MARCH 2001 4549 10 10 10

SHADED CELLSCELL CONTAIN VALUESVALUE EXCEEDING CLEANUP STANDARDS THE STANDARDSSTANDARD SET FOR PROTECON OF AQUAC RESOURCESRESOURCE AND BENECIAL
USE OF GROUNDWATER DISCHARGING TO THE DUWAMISH WATERWAY ARE 2000 PGL ICE 220000 IGL CI 2DCE AND 525 J4GL VINYL
CHLORIDE

EMF DATA SUMMAR2WPD 48 11602
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TABLE 47 SUMMARY OF ANALYTICAL RESULTSRESULT PHASE GROUNDWATER SAMPLING OF WELLSWELL ON WEST SIDE OF BOEING FIELD APRIL 2001

SCREENED

WELL NUMBER AND LOCATION INTERVAL FT BGS TCE GL CL2DCE UGH VINYL CHLORIDE SGIL

EMFWF25 NORTHERNMOST 3545 10 13 120

LOCAON

EMFWF26 CENTRAL AREA OF 37 47 44 5600 1300

PLUME

EMFWF27 CENTRAL AREA OF 3646 10 1500 1300

PLUME

EMFWF28 SOUTHERNMOST 3545 10 10 20

LOCATION

EMFWF29CENTRALAREA 3949 14 1100 2500

PLUME 200 FT EAST OF OTHER WELLSWELL

EMFWF35 PUMP TEST WELL 3545 10 1300 260

SHADED CELLSCELL CONTAIN VALUESVALUE EXCEEDING CLEANUP STANDARDSSTANDARD THE STANDARDSSTANDARD SET FOR PROTECHON OF AQUATIC RESOURCESRESOURCE AND BENEFICIAL

USE OF GROUNDWATER DISCHARGING TO THE DUWAMISH WATERWAY ARE 2000 GL TCE 220000 JIGL CL2DCE AND 525 IGL VINYL

CHLORIDE

TABLE 48 RESULTSRESULT OF GENERAL WATER QUALITY ANALYSESANALYSE FROM WELLSWELL ON WEST SIDE OF BOEING FIELD APRIL 2001

CONCENFRATION MGHL

ANALYTE EMFWF26 EMFWF27 EMFWF28 EMFWF29 AVERAGE

CALCIUM 482 381 218 258 335

IRON 187 191 247 216 210

MAGNESIUM 218 194 167 168 187

POTASSIUM 83 73 107 77 85

SODUM 692 419 863 856 708

PJKALINITY AS CACO3 250 240 230 250 240

TOTAL DISSOLVED SOLIDSSOLID 440 330 400 370 380

CHLORIDE 80 30 51 53 54

NITRATE 0010 0010 0010 0010 0010

NITHTE 001 001 0031 0012

NITRATE PLUSPLU NITRITE 0016 0027

SULFATE 95 10 13 11 109

TOTAL ORGANIC CARBON 89 72 10 73 84

DISSOLVED ORGANIC CARBON 62 48 53 44 52

MF DATA SUMMAR2WPD 49 11602
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461 GRAIN SIZE SAMPLESSAMPLE

SOIL SAMPLESSAMPLE WERE COLLECTED AT VARIOUSVARIOU DEPTHSDEPTH DURING DRILLING IN THISTHI PHASE AND SUBMITTED TO GEOTECHNICAL

LABORATORY FOR GRAIN SIZE ANALYSIS THE RESULTSRESULT OF THE GRAIN SIZE ANALYSESANALYSE WERE USED TO CALCULATE THE COEFFICIENT OF

UNIFORMITY CD THE RATIO OF THE DIAMETER AT WHICH 60 OF THE SOIL PARTICLESPARTICLE ARE FINER D60 TO THE DIAMETER AT WHICH

10 ARE FINER D10 THE GRAIN SIZE RESULTSRESULT PRESENTED IN APPENDIX INDICATE THAT THE AQUIFER MATERIALSMATERIAL ARE

GENERALLY WITHIN THE SIZE
RANGE OF FINE SAND 0075 MM TO 04 MM AND MEDIUM SAND 04 MM TO 20 MM THE

DIE VALUESVALUE ARE ALL WITHIN THE SIZE RANGE OF FINE SANDSSAND THE GRAIN SIZE CURVESCURVE TYPICALLY INDICATE ABOUT IPERCENT FINE

MATERIAL SILTSSILT AND CLAYSCLAY IN SAMPLES THE UNIFORMITY COEFFICIENTSCOEFFICIENT ARE ALL LOW INDICATING THAT THE MATERIALSMATERIAL ARE

POORLY GRADED WELL SORTED POOR GRADING OF SANDSSAND IS INDICATED BY UNIFORMITY COEFFICIENT OF OR LESSLES TERZAGHI

AND PECK 1967 BASED ON THE RESULTSRESULT OF THE GRAIN SIZE ANALYSISANALYSI THE AQUIFER MATERIALSMATERIAL WOULD BE EXPECTED TO BE

FAIRLY PERMEABLE

GROUP OF GRAIN SIZE SAMPLESSAMPLE COLLECTED IN THE EMF RI 1997 WERE EVALUATED FOR RELATIVE COMPARISON WITH THE

SAMPLESSAMPLE COLLECTED ON THE WEST SIDE OF BOEING FIELD THE
AVERAGE D10 VALUESVALUE FROM SAMPLESSAMPLE FROM THE EMF SITE ARE

ABOUT ONE HALF THE VALUESVALUE FROM SAMPLESSAMPLE COLLECTED ON THE WEST SIDE OF BOEING FIELD THE GRAIN SIZE CURVESCURVE

TYPICALLY INDICATE ABOUT TO 10 PERCENT FINE MATERIAL SILTSSILT AND CLAYSCLAY IN SAMPLESSAMPLE WHICH IS HIGHER THAN THE SAMPLESSAMPLE
FROM THE WEST SIDE OF BOEING FIELD THESE GENERAL CHARACTERISTICSCHARACTERISTIC OF THE GRAIN SIZE DISTRIBUTIONSDISTRIBUTION PROVIDE

QUALITATIVE INDICATION THE THAT AQUIFER MATERIALSMATERIAL AT THE EMF SITE ARE LOWER PERMEABILITY THAN THE MATERIALSMATERIAL ON THE

WEST SIDE OF BOEING FIELD

462 AQUIFER PUMPING TEST

THE OBSERVED HYDRAULIC RESPONSE OF THE AQUIFER IS CONSISTENT WITH THE EXPECTED RESPONSE AS LEAKY CONFINED

AQUIFER BASED ON THE THESE DATA THE HYDRAULIC CONDUCTIVITY OF THE AQUIFER IS EXPECTED TO BE APPROXIMATELY 400

FTDAY 14 101 CMSEC LEAKAGE RESPONSE APPEARSAPPEAR TO HAVE BEEN OBSERVED IN THE EXTRACTION WELL THISTHI

CONCLUSION IS BASED ON THE SHAPELINFLECTIONSSHAPELINFLECTION OF THE TIME VS DRAWDOWN CURVE AND THE TIME RATIO UT INTERCEPT OF

THE ZERO RESIDUAL DRAWDOWN IN THE RECOVERY TEST THE COMPLETE SUMMARY OF THE AQUIFER PUMPING TEST

PROCEDURESDATA ANALYSISANALYSI AND CONCLUSIONSCONCLUSION IS PROVIDED IN APPENDIX D

463 SUMMARYINTERPRETATI OF PHASE DATA

THE VERTICAL ELEVATION OF THE VOC PLUME REMAINSREMAIN IN THIN STRATIFIED PLUME PRESENT AT ABOUT 35 TO 50 FT BGS

VOC DATA FROM THESE LOCATIONSLOCATION INDICATE THAT THE PLUME WIDTH IN THISTHI AREA WAS APPROXIMATELY 300 FEET WIDE AT

LEVELSLEVEL ABOVE THE AWQCS

PEAK CONCENTRATIONSCONCENTRATION OF CISL 2DCE WERE DETECTED AT 11000 J29 IL AND VINYL CHLORIDE AT 2200 UGIL IN

GEOPROBE SAMPLES THE LOCATIONSLOCATION WHERE THE PEAK CONCENTRATIONSCONCENTRATION WERE DETECTED ARE NOT COLOCATED BUT THEY

NEAR EACH OTHER ICE WAS ALSO DETECTED AT ONE LOCATION AT LEVEL OF 230 PGIL PEAK CONCENTRATIONSCONCENTRATION OF

VOCSVOC DETECTED IN MONITORING WELLSWELL IN THE AREA ARE 5600 GIL 1300 UGL AND 44 UGL FOR CISL2DCE VINYL

CHLORIDE AND TCE
RESPECTIVELY THE PEAK LEVELSLEVEL DETECTED IN MONITORING WELLSWELL ARE ABOUT 12 THE PEAK VALUESVALUE

DETECTED IN GEOPROBE SAMPLES

THE PEAK LEVELSLEVEL OF VINYL CHLORIDE IN MONITORING WELLSWELL ARE ABOUT TWO AND ONEHALF TIMESTIME THE CLEANUP STANDARD

EMF DATA SUMMAR2WPD 50 11602
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THE GRAIN SIZE ANALYSISANALYSI INDICATESINDICATE SOIL SAMPLESSAMPLE IN THE PLUME AREA ARE WELL GRADED FINE TO MEDIUM SAND WITH

LITHE SILT IFLNE MATERIALSMATERIAL 1 WHEN COMPARED TO THE GRAIN SIZE CURVESCURVE FOR SOIL SAMPLESSAMPLE COLLECTED AT THE

EMF PROPERTY SEE TABLE 49 THE SOIL IN THISTHI SPECIFIC AREA IS COARSER THE D10 OF THE GRAIN SIZE CURVESCURVE IS

ABOUT TIMESTIME LARGER IT IS MORE UNIFORM IN SIZE WELL GRADED AND CONTAINSCONTAIN LESSLES FINE MATERIALSMATERIAL 1 FINESFINE

VERSUSVERSU TO 10 FINESFINE FOR SOIL SAMPLESSAMPLE FROM THE EMF PROPERTY

THE AQUIFER PUMPING TEST INDICATED HYDRAULIC CONDUCTIVITY OF APPROXIMATELY 400 FTDAY 14 10 CMSEC

BASED ON THISTHI CONDUCTIVITY THE MEASURED GRADIENT OF 0001 FTFT AND AN ESTIMATED POROSITY OF 025 THE

PREDICTED GROUNDWATER VELOCITY IN THISTHI AREA IS ESTIMATED AT 580 FTYEAR

TABLE 49 SUMMARY OF GRAIN SIZE ANALYSISANALYSI RESULTSRESULT

WESTERN FIELD SAMPLE DEPTH D10 MM DV MM
BORING FT DD10

EMFWF25 25 018 048 27
40 016 042 26

EMFWF26 25 015 06

45 02 055 28

EMFWF29 15 025 052 21

35 023 048 21

EMFWF28 20 026 06 23

20 026 06 23

20 026 06 23

30 018 055 31

40 023 055 24

45 02 055 28

AVERAGE 011 050 416

EMF SITE

BORING

SB HMI24

513 LMR
EMR

SB EMF25

AVERAGE

SAMPLE DEPTH
FT

25

75

11

25

021

D10 MM

01

012

U0
015

054

MM

035

04

025

263

CU

DD10
350

3J
313

667

EMF DATA SUMMAR2WPD 51 11602
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50 EVALUATION OF DATALLNVESTIGATION RESULTSRESULT

THE ADDITIONAL DATA COLLECTED FROM THE SITE REQUIRESREQUIRE REVISION TO THE CONCEPTUAL MODEL OF THE SITE CONDITIONSCONDITION AND

VOC PLUME DISTRIBUTION THE ADDED DATA INDICATESINDICATE THAT THE VOC PLUME EXTENDSEXTEND ACROSSACROS BOEING FIELD TO THE

WESTERN BOUNDARY ALONG EAST MARGINAL WAY THE VOC PLUME IS PRESENT IN RELATIVELY NARROW STRATIFIED PLUME
THAT FOLLOWSFOLLOW THE REGIONAL GROUNDWATER GRADIENT FROM THE EMF SITE THE HIGHEST CONCENTRATIONSCONCENTRATION OF VOCSVOC ARE FOUND

AT ABOUT 40 TO 50 FEET BGS ABOVE SILTY ZONE THAT APPEARSAPPEAR TO PREVENT FURTHER DOWNWARD MIGRATION VINYL CHLORIDE

IS THE ONLY VOC PRESENT ABOVE AWOCSAWOC AT THE DOWNGRADIENT BOUNDARY OF THE EXISTING SAMPLING MAXIMUM VINYL

CHLORIDE CONCENTRATIONSCONCENTRATION IN MONITORING WELLSWELL AT THE DOWNGRADIENT BOUNDARY ARE APPROXIMATELY TWO AND HALF TIMESTIME

THE AWQC

51 QUARTERLY MONITORING DATA

THE QUARTERLY MONITORING DATA PRESENTED IN APPENDIX HAVE SHOWN CONSISTENT REDUCTIONSREDUCTION IN ALL OF THE TARGET

VOCSVOC SINCE THE START OF SITE REMEDIATION FOR THE GROUP OF MONITORING WELLSWELL LOCATED DIRECTLY WITHIN THE CENTRAL ON
SITE VOC PLUME AREA THE AVERAGE REDUCTIONSREDUCTION ALL WELLSWELL COMBINED FOR ICE DCE AND VINYL CHLORIDE ARE 88 79
AND 71 RESPECTIVELY

52 HYDRAULIC CONDUCTIVITY AND GROUNDWATER TRANSPORT VELOCITY

THE AQUIFER PUMPING TEST INDICATED HYDRAULIC CONDUCTIVITY OF APPROXIMATELY 400 FTDAY BASED ON THISTHI

CONDUCTIVITY AND OTHER MEASUREDESTIMATED PARAMETERSPARAMETER GRADIENT OF 0001 POROSITY OF 025 THE PREDICTED

GROUNDWATER VELOCITY IN THE AREA NEAR THE WEST SIDE OF BOEING FIELD IS ESTIMATED AT 580 FLYEAR THE GRADIENT BACK

AT THE EMF SITE HAS BEEN MEASURED AT 0004 FTFT AND THE AVERAGE GRADIENT ACROSSACROS BOEING FIELD HAS BEEN

MEASURED AT 0002 FTFT

THE HYDRAULIC CONDUCTIVITY AT THE EMF
PROPERTY IS ESTIMATED TO BE LOWER THAN THE MEASURED VALUE FROM THE WEST

SIDE OF BOEING FIELD BASED ON THE DIFFERENCESDIFFERENCE IN THE GRAIN SIZE DISTRIBUTIONS AN ESTIMATE OF THE GROUNDWATER

TRANSPORT VELOCITY AT THE EMF SITE IS APPROXIMATELY 200 FTYR

THE CONTAMINANT TRANSPORT VELOCITY IS EXPECTED TO BE LESSLES THAN THE GROUNDWATER VELOCITY BECAUSE OF ADSORPTION TO

SOIL AN ESTIMATE OF THE CONTAMINANT RETARDATION FACTOR RATIO OF GROUNDWATER VELOCITY TO CONTAMINANT TRANSPORT

VELOCITY IS ABOUT FACTOR OF 14 THISTHI IS BASED ON THE FOR CISI 2DCE OF 65 AND FRACTION ORGANIC CARBON OF

0001 IN THE SOIL USING THISTHI RETARDATION FACTOR THE EXPECTED VOC TRANSPORT VELOCITY IS IN THE
RANGE OF 140 TO 400

FTYEAR

53 VOC PLUME

EXTENSIVE
SAMPLING HAS BEEN COMPLETED TO LOCATE AND DEFINE THE VERTICALHORIZONTAL POSITION OF THE DOWNGRADIENT

VOC PLUME 70 DISCRETE GEOPROBE SAMPLESSAMPLE AND 10 NEW MONITORING WELLS THE ANALYTICAL DATA INDICATE THAT THE

VOC PLUME SHOWSSHOW VERY LITTLE
SPREADINGDISPERSION IN THE VERTICAL AND HORIZONTAL DIRECTIONSDIRECTION AS IT HAS MIGRATED IN

DOWNGRADIENT DIRECTION FOR APPROXIMATELY 2200 FT THE PROJECTED PATH OF THE VOC PLUME ACROSSACROS BOEING FIELD IS

DEPICTED IN FIGURE 51 THE SAMPLING LOCATIONSLOCATION IN FIGURE 51 WITH CONCENTRATIONSCONCENTRATION ABOVE THE SITE CLEANUP GOALSGOAL

ARE DEPICTED IN RED THE VOC CONCENTRATIONSCONCENTRATION DECREASE SIGNIFICANTLY WITHIN THISTHI SAMPLED DOWNGRADIENT DISTANCE

MORE THAN AN ORDER OF MAGNITUDE

EMF DATA SUMMAR2WPD 52 11602
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THE APPROXIMATE WIDTH OF THE VOC PLUME AT LEVELSLEVEL ABOVE THE CLEANUP STANDARDSSTANDARD AWQCSAWQC IS ABOUT 300 FT

TRANSVERSE TO THE DIRECTION OF FLOW AND THE APPROXIMATE WIDTH AT LEVELSLEVEL ABOVE DETECTION LIMITSLIMIT IS ESTIMATED AT

ABOUT 600 FT

SINCE THE VOC PLUME DOESDOE NOT SPREAD IN THISTHI TRANSPORT DISTANCE THE OBSERVED CONCENTRATION REDUCTIONSREDUCTION ARE

BELIEVED TO BE THE RESULT OF DEGRADATION BY REDUCTIVE DECHLORINATION THE RESULTSRESULT OF THE GENERAL WATER QUALITY

ANALYSESANALYSE ARE CONSISTENT WITH THISTHI EXPECTED ANAEROBIC DECHLORINATION MECHANISMS THE CONCENTRATIONSCONCENTRATION OF NITRITE

AND IRON ARE INDICATIVE OF REDUCING CONDITIONSCONDITION AND THE DISSOLVED ORGANIC CARBON CONCENTRATION SUGGEST THE

PRESENCE
OF AN ORGANIC SUBSTRATE TO SERVE AS AN ELECTRON DONOR AS RESULT THE OBSERVED VOC CONCENTRATIONSCONCENTRATION

WOULD BE EXPECTED TO DECREASE FURTHER AS CONTAMINANTSCONTAMINANT TRAVEL IN THE DIRECTION TOWARDSTOWARD THE DUWAMISH WATERWAY

54 VOC ATTENUATION PROCESSESPROCESSE

THE TWO PRIMARY PROCESSESPROCESSE EXPECTED TO ATTENUATE THE VOC CONCENTRATION IN THE PLUME ARE DEGRADATION AND

DISPERSION THE EXPECTED IMPACTSIMPACT OF THOSE PROCESSESPROCESSE ARE DISCUSSED IN THE FOLLOWING SECTIONS

541 DEGRADATION

THE TYPICAL DEGRADATION PROCESSPROCES FOR TCE VIA REDUCTIVE DECHLORINATION IS DEPICTED IN FIGURE 52 THE SITE

GEOCHEMICAL CONDITIONSCONDITION ARE CONDUCIVE FOR THISTHI DEGRADATION PROCESSPROCES AND EACH OF THE DAUGHTER PRODUCTSPRODUCT THROUGH

ETHENE AND INCLUDING INCREASED CHLORIDE LEVELSLEVEL HAVE BEEN MEASURED WITHIN THE VOC PLUME AREA

THE RATE OF VOC CONCENTRATION REDUCTION OBSERVED IN THE PLUME HAS BEEN EVALUATED USING FIRSTORDER DEGRADATION

MODELING THE OBJECTIVESOBJECTIVE OF THISTHI ANALYSISANALYSI ARE TO

DETERMINE IF THE OBSERVED PLUME DISTRIBUTION IS CONSISTENT WITH FIRST ORDER DEGRADATION PROCESS

DERIVE RATE CONSTANTSCONSTANT FOR THE DEGRADATION PROCESS

PROVIDE TOOLPREDICTIVE MODEL FOR ESTIMATING DOWRIGRADIENT CONCENTRATIONSCONCENTRATION BEYOND THE ZONE WHERE

MONITORING STRUCTURESSTRUCTURE ARE IN PLACE

THE CALIBRATION OF THE DEGRADATION MODELING BASICALLY IS CURVE FITTING PROCESSPROCES WHERE THE MEASURED SPATIAL

DISTRIBUTION OF THE VOCSVOC IE CONCENTRATION REDUCTION FROM THE SOURCE IN THE DOWNGRADIENT DIRECTION IS USED TO

CALCULATE THE DEGRADATION RATE CONSTANTSCONSTANT USING THE CONCENTRATION DATA AND THE CONTAMINANT TRANSPORT VELOCITY

THE DATA USED FOR THE DEGRADATION MODELING ARE THE PEAK VOC CONCENTRATIONSCONCENTRATION DETECTED ALONG SEVERAL TRANSECTSTRANSECT

OF THE PLUME FROM THE SOURCE AREA TO EAST MARGINAL WAY REASONABLE PEAK CONCENTRATION AT THE SOURCE AREA

HAS BEEN SET AT 250000 UGL THE HIGHEST CONCENTRATION DETECTED IN THE SOURCE WAS 1007000 2GL TCE
SATURATION HOWEVER LOWER VALUE IS USED IN THE DEGRADATION MODELING BECAUSE MULTIPLE GEOPROBE SAMPLESSAMPLE IN

THE IMMEDIATE AREA INDICATED HIGHEST MEASURED VALUE OF 190000 GL PRE1997 BEFORE ANY REMEDIAL

MEASURESMEASURE WERE IMPLEMENTED THE PEAK CONCENTRATION DETECTED NEAR TCE
SOLUBILITY IS EXPECTED TO BE

REPRESENTATIVE OF
VERY THIN VERTICAL INTERVAL AND AN AVERAGE VALUE IS BELIEVED TO BE MORE APPROPRIATE FOR THE

MODEL CALIBRATION

THE DEGRADATION MODELING RESULTSRESULT ARE PRESENTED IN FIGURESFIGURE 53 AND 54 THE SITE DATA AND THE DEGRADATION

MODELING RESULTSRESULT IN FIGURE 53 INDICATE THAT THE PRIMARY VOC TO BE DEGRADED FROM THE EMF PROPERTY

DOWNGRADIENT IS CISI 2DCE IE ALMOST ALL OF THE TCE HAS BEEN DEGRADED BEFORE REACHING THE PROPERTY

BOUNDARY PEAK CISL2DCE CONCENTRATIONSCONCENTRATION ARE REDUCED FROM 109000 UGL WELL EMF MW22 JANUARY 2001

EMF DATA SUMMAR2WPD 54 11602
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DOWN TO 4000 2GIL FACTOR OF 27 REDUCTIONWEIL EMFMW26 OCTOBER 2001 THE DAUGHTER PRODUCT DERIVED

FOR THE CISI 2DCE DEGRADATION IS VINYL CHLORIDE

IN THISTHI SAME GROUNDWATER TRANSPORT RANGE THE PEAK VINYL CHLORIDE CONCENTRATIONSCONCENTRATION ARE REDUCED FROM 23000 JTG
DOWN TO 1300 JGL FACTOR OF 17 REDUCTION THISTHI MEASURED VINYL CHLORIDE REDUCTION OCCURSOCCUR OVER SAME INTERVAL

THAT THE CISI 2DCE DEGRADATION HAS GENERATED LARGER AMOUNT MASSMAS AND CONCENTRATION OF VINYL CHLORIDE

EACH MOLE OF CISI 2DCE DEGRADED CREATESCREATE ONE MOLE OF VINYL CHLORIDE 109000 JGL OF CISI 2DCE DEGRADESDEGRADE TO

69800 GL OF VINYL CHLORIDE THESE DATA INDICATE THAT COMPLETE DECHLORINATION TO ETHENE IS OCCURRING AND THAT

THE DEGRADATION OF CISI 2DCE APPEARSAPPEAR TO BE RATE LIMITING STEP VINYL CHLORIDE IS DEGRADING FASTER THAN IT IS

GENERATED BY THE CISL2DCE DEGRADATION

THE LABORATORY RESULTSRESULT SHOWN IN TABLESTABLE OF SECTION ALONG WITH FIGURE 53 INDICATE SUBSTANTIAL FIELD

VARIABILITYHETEROGE IN THE DEGRADATION PROCESSES DIFFERENT PORTIONSPORTION OF EACH PLUME TRANSECT MAY HAVE

VARYING FRACTIONSFRACTION OF TCE CISI 2DCE AND VINYL CHLORIDE SOME OF THE MEASUREMENTSMEASUREMENT CLOSER TO THE EMF PROPERTY

INDICATE MORE RAPID TCE DEGRADATION THAN SOME OF THE DOWNGRADIENT DATA SIMPLER PRESENTATION OF THE

DEGRADATION PROCESSESPROCESSE IS AS COMBINED IE TOTAL VOCSVOC REMOVAL PROCESS THOSE MODELING RESULTSRESULT ARE

PRESENTED IN FIGURE 54 AND THEY SHOW MUCH CLEARER FIT OF THE FIELD DATA TO THE MODEL PREDICTED CONCENTRATIONSCONCENTRATION

BASED ON DEGRADATION OF THE TOTAL VOCSVOC PRESENT

THE SAME ANALYSISANALYSI CAN BE APPLIED TO THE VINYL CHLORIDE DATA BY ITSELF IGNORING THE TCE AND CISI 2DCE
DEGRADATION THAT CREATESCREATE THE VINYL CHLORIDE THESE RESULTSRESULT ARE PRESENTED IN FIGURE 55 WHICH SHOWSSHOW GENERAL

APPROXIMATION TO FIRST ORDER DEGRADATION PROCESS THESE RESULTSRESULT ALSO SHOW MUCH MORE SCATTER OF THE FIELD DATA

AROUND THE MODEL PREDICTED RESULTSRESULT AS INDICATED BY LOWER R2 OF THE REGRESSION USED TO CALIBRATE THE MODEL

PREDICTIONSPREDICTION TO THE FIELD DATA THISTHI IS EXPECTED BECAUSE THISTHI ANALYSISANALYSI VINYL CHLORIDE BY ITSELF DOESDOE NOT EXPLICITIY

INCLUDE THE CIS2DCE DEGRADATION AS PROCESSPROCES STEP WHICH IS GENERATING VINYL CHLORIDE AS THE DAUGHTER

PRODUCT HOWEVER THE GENERAL TREND OF VINYL CHLORIDE ATTENUATION AS OBSERVED IN THE FIELD DATA DOESDOE EFFECTIVELY

INCLUDE ALL VINYL CHLORIDE GENERATED FROM CISI 2DCE DEGRADATION THE GENERATION OF THE VINYL CHLORIDE BY CISI 2
DCE DEGRADATION IS IMPLICITLY INCLUDED IN THE DERIVED RATE CONSTANT THE REDUCED EXPONENT REPRESENTSREPRESENT SLOWER

DECAY RATE BECAUSE OF THE MASSMAS THAT IS BEING CREATED

542 TIDALLY ENHANCED DISPERSION

IN ADDITION TO BIOLOGICAL DEGRADATION THE CONCENTRATION OF VOCSVOC DISCHARGED TO THE DUWAMISH WATERWAY WILL ALSO

BE SIGNIFICANTLY REDUCED DUE TO DISPERSION AND DILUTION CAUSED BY TIDAL EFFECTSEFFECT BEFORE THE GROUNDWATER DISCHARGESDISCHARGE

TO THE RIVER THE LEVEL OF THE DUWAMISH WATERWAY IN THE VICINITY OF THE SITE VARIESVARIE DUE TO TIDAL EFFECTS THESE TIDAL

FLUCTUATIONSFLUCTUATION IN RIVER LEVEL RESULT IN PERIODIC APPROXIMATELY ONCE EVERY HOURSHOUR REVERSALSREVERSAL IN THE GROUNDWATER

GRADIENT NEAR THE RIVER AT TIMESTIME WHEN THE GRADIENT IS REVERSED THERE IS AN INFLOW OF WATER FROM THE RIVER INTO THE

SHALLOW AQUIFER THISTHI INFLOW AND OUTFLOW OF RIVER WATER RESULTSRESULT IN MIXING AND DILUTION OF THE GROUNDWATER PLUME

NEAR THE BOUNDARY WITH THE RIVER

THE EFFECT OF THISTHI TIDALLYINDUCED MIXING WAS EVALUATED USING GROUNDWATER TRANSPORT MODEL OF NEARSHORE TIDAL

MIXING THE MODEL INPUT USED AVERAGE TIDAL CHARACTERISTICSCHARACTERISTIC AMPLITUDE AND PERIOD FROM SEATTLE HARBOR THE

RESULTSRESULT OF THE MODELING ARE SHOWN IN FIGURE 56 THESE RESULTSRESULT SHOW THAT THE DILUTION EFFECTSEFFECT WOULD BE EXPECTED

TO EXTEND INWARD TO APPROXIMATELY 100 FT FROM THE RIVER BOUNDARY AND THAT THE NET DILUTION OF THE PLUME JUST INWARD

FROM THE BOUNDARY WOULD BE FACTOR OF 50 EG AN UPGRADIENT GROUNDWATER CONCENTRATION OF 100 UGL WOULD BE

REDUCED TO 4GL AT THE POINT OF DISCHARGE TO THE RIVER

EMF DATA SUMMAR2WPD 58 11602
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PEAK VINYL CHLORIDE CONCENTRATIONSCONCENTRATION IN

100000
EMF PLUME LOGARITHMIC SCALE

1000

STANDARD 525 UGIL

100

500 1000 1500 2000 2500 3000 3500 4000

DISTANCE FROM SOURCE FT

PEAK VINYL CHLORIDE CONCENTRATIONSCONCENTRATION IN

25000
EMF PLUME

VINYL CHLODE

3300E

0000

500 1000 1500 2000 2500 3000 3500 4000

DISTANCE FROM SOURCE FT

FIGURE 55 FIRST ORDER DEGRADATION MODELING FOR VINYL CHLORIDE ONLY

59
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200 DAYSDAY 300 DAYSDAY
400 DAYSDAY INITIAL COND

EXAMPLE CASE OF PLUME DISCHARGE IN UNCONFINED

DUWAMISH AQUIFER WITH TIDAL INFLUENCE

FIGURE 56 MODEL PREDICTED DILUTION IN GROUNDWATER FROM TDALLY ENHANCED DISPERSION

60

ILEXAMPLE CASE OF PLUME DISCHARGE IN UNCONHINED

DUWAMISH AQUIFER WITHOUT TIDE INFLUENCE

10

E8
Q

C4

100 150

THNCE IF 200
LLNBNDFED

IWATERWAYL

IBOUNDARYL

FAT10IM
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NOTE THAT THISTHI TIDALLY INDUCED DISPERSION DOESDOE NOT IMPACT THE VOC MASSMAS FLUX TO THE WATERWAY BUT RATHER DILUTESDILUTE

THE DISCHARGE CONCENTRATION BECAUSE OF THE INCREASED WATER FLUX IN THE TIDAL FLUSHING ZONE THE EVALUATION OF THE

EFFECTSEFFECT OF TIDALLYINDUCED MIXING IS DESCRIBED IN MORE DETAIL IN APPENDIX F GROUNDWATER MONITORING NEAR THE

BOUNDARY OF THE RIVER AT VARIOUSVARIOU LOCATIONSLOCATION ALONG THE DUWAMISH WATERWAY HAS DEMONSTRATED THE TIDAL INFLUENCE

AND THE NET TRANSPORT OF SALINE WATERSWATER INTO THE NEARSHORE GROUNDWATER ZONE THESE FIELD DATA DEMONSTRATE THISTHI

TIDAL DISPERSION EFFECT IN THE GROUNDWATER ZONE PRIOR TO THE POINT OF DISCHARGE TO THE RIVER

EMF DATA SUMMAR2WPD 61 11602
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APPENDIX GEOLOGIC BORING LOGSLOG

EMF DATA SUMMAR2WPD ILL 602
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HEAVY DUTY FLUSHMOUNT SURFACE

DEPTH FT BGS MONUMENT INCH PLATE STEEL

CONCE
TO FT BGS SCREW PLUG WELL

BENTONITE SEAL
CPWITHLOCK

2TO8FTBGS2TO8FTBG 2INSCH4OPVCRISER

218IN CHIPSCHIP TO LOFT BGS

10
SP

FINE TO MEDIUM
FITTER PACK SAND

8TO2OFTBGS8TO2OFTBG

15
212 LONESTAR

SP
IN SCH 40 PVC SCREEN

FINE TO MEDIUM 001 0IN FACTORY SLOT

SAND
LOTO20FTBGSLOTO20FTBG

20 SP
FINE TO MEDIUM

SAND 2INSHPENDCAP

25

30

DRILLING DATE 062101

DRILLER CASCADE DRILLING

IN BOREHOLE 414IN
LD HOLLOWSTEM AUGERSAUGER

TOTAL DEPTH 2025 FT

LOCATION AND ELEVATION

NOT SURVEYED

DEVELOPMENT SURGE AND PUMP
APPROX 25 GALLONSGALLON REMOVED

PUMPED AT 1 GPRN WITH WHALE PUMP

16935SE 39TH ST

BELLEVUE WA 98008

425 6434634 FAX 425 6490643

REVTSION NO DALE ACAD FILE

062101 11SRSKF

MONITORING WELL IISR
DRAM CUE W1 PROECT NO

JJD
LOCATION 1214115

CHECKED
EMF

AGURE
TJM

KCSIIP4 43974



PEFCMANCE

II
TO AT GEOLOGIC BORING LOG

50
F0TOLL5
LA

80
5TO 165 12

JA 10

50
TO 215

11 SOUNDED AT 2025 BGS TO BE REPLACED

FINE TO MEDIUM SAND TAN WWHITE AND BLACK

FLECKSFLECK TO BLACK SAND AT 11 FT WI MORE SILT

FINE TO MEDIUM SAND BLACK WI RED AND WHITE

FLECKSFLECK

SAA APPEARSAPPEAR TO BE HEAVE WASTE SOIL

SAMPLE11 SRDRUML
WELL SET AT 20

SCREEN 10 SLOT FROM 10 TO 20
SAND TO 20

RISER TO 10 FLUSH MOUNT

BAGSBAG LONESTAR212 SAND

BAGSBAG PURE GOLD 38 IN BENTONITE CHIPSCHIP

PROJECT EMF EARTHQUAKE DAMAGE JOB NO 1214115 SHEET BORING NO 11 SR

PROJECT LOCATION EMF SITE BORING LOCATION OF TOTAL DEPTH 215 FT

BOEING FIELD 11 REPLACEMENT BEGUN 621 0720

DRILL CONTRACTOR CASCADE GEOLOGIST TJM FINISHED 621 0840

DRILL RIG DRILLER BRIAN GOSE GROUND ELEV
HOLE SIZE 4 IN ID AUGERSAUGER INCH WEATHER CLEAR DRY GROUND WATER DEPTHELEV
HOLE

BGS
DRILLING METHOD HS AUGER DRILLING TOP OF ROCK DEPTHIELEV

FLUIDSOURCE

0 I
NOTESNOTE

00 PRODUCT ODOR0 CI III III OVA READING
ETC STRATIGRAPHIC DESCRIPTION

NO SAMPLESSAMPLE UNTIL 10

10

15

20

SP

SP

SP

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

KCSIIP4 43975



IN SLIP END CAP

I69355E39TH5T

BELLEVUE WA 98008

425 6434634 FAX 425 6490643

REVISION NO DATE ACAD FILE

06P21101 11DRSKF

KCSIIP4 43976

DEPTH FT BGS

10

15

20

25

30

40

HEAVY DUTY FLUSHMOUNT SURFACE

MONUMENT INCH PLATE STEEL

CONCRETE

TO FT BGS SCREW PLUG WELL

CAP WITH LOD

IN SCH 40 PVC RISER

OTO3OFTBGSOTO3OFTBG

BENTONITE SEAL

2TO28FTBGS2TO28FTBG

38IN CHIPSCHIP

FILTER PACK SAND IN SCH 40 PVC SCREEN

28TO4OFTBGS28TO4OFTBG 0OLOINFACTORYSLOT

2L2LONESTAR 30TO40FTBGS30TO40FTBG

SP

FINE TO MEDIUM

SAND

DRIMING DATE 0621101

DRILLER CASCADE DRILLING

IN BOREHOLE 414IN
LD HOLKVSTEM AUGERSAUGER

TOTAL DEPTH 394 FT

LOCATION AND ELEVATION

NOT SURVEYED

DEVELOPMENT SURGE AND PUMP
APPROX 25 GALLONSGALLON REMOVED

PUMPED ATI GPNI WITH WHALE PUMP



PERFOIMANCE

GEOLOGIC BORING LOG

0 TO 415

11 SOUNDED AT 394 FT BGS TO BE REPLACED

FINE TO MEDIUM SAND BLACK WI RED AND WHITE

FLECKSFLECK SATURATED

NO RECOVERY

SET WELL AT 40
SCREEN 10 SLOT 30 TO 40

SAND 212 28 TO 40
GROUT TO 28

CONCRETE TO

BAGSBAG LONESTAR 212 SAND

BAGSBAG BENTONITE CHIPSCHIP

PROJECT EMF EARTHQUAKE DAMAGE JOB NO 1214115 SHEET BORING NO 11 DR

REPAIR

PROJECT LOCATION EMF SITE BORING LOCATION OF TOTAL DEPTH 415 FT

BOEING FIELD 110 REPLACEMENT BEGUN 621 0900

DRILL CONTRACTOR CASCADE GEOLOGIST TJM FINISHED 621 1110
DRILL RIG DRILLER BRIAN GOSE GROUND ELEV
HOLE SIZE 1H IN ID AUGERSAUGER INCH WEATHER CLEAR DRY GROUND WATER DEPTHELEV
HOLE 75FTBGS75FTBG
DRILLING METHOD HS AUGER DRILLING TOP OF ROCK DEPTHELEV

FLUIDISOURCE

NOTESNOTE
UI PRODUCT ODOR

J II III OVA READING
I ETC STRATIGRAPHIC DESCRIPTION

NO SAMPLESSAMPLE UNTIL 25

LOG FROM 11 SR IS

10 NORTH

25

30

35

40

BS 100
TO 265

IA 14

NR
OTO3L5

IA 12

NR
15 TO 365
IA 10

SP

SP

SP

SAA

SAA

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

KCSIIP4 43977



16935 SE 39TH ST

BELLEVUE WA 98008

425 6434634 FAX 425 6490643

AGAD FILE

0612101 12DRSKF

MONITORING WELL I2DR

KCSIIP4 43978

HEAVY DUTY FLUSHMOUNT SURFACE

MONUMENT INCH PLATE STEEL

PLUG WELL

CAP WITH LOCK

IN SCH 40 PVC RISER

TO 35 FT BGS

SM

SILTY SAND

SP

FINE TO MEDIUM

SAND

SM

SILTY SAND

SP

FINE TO MEDIUM

SAND

DEPTH FT BGS

0

5

20

25

30

40

45

CONCRETE

TO FT BGS

BENTONITE SEAL

TO 33 FT BGS

38N CHIPSCHIP

FILTER PACK SAND

33 TO 45 FT BGS

212 LONESTAR

IN SHP END CAP

DRILLING DATE 062101

DRILLER CASCADE DRILLING

IN BOREHOLE 414IN
I D HOLLOWSTEM AUGERSAUGER

TOTAL DEPTH 4525 FT

LOCATION AND ELEVATION

NOT SURVEYED

DEVELOPMENT SURGE AND PUMP
APPROX 25 GALLONSGALLON REMOVED

PUMPED AT 1 GPM WITH WHALE PUMP

IN SCH 40 PVC SCREEN

0010IN FACTORY SLOT

35 TO 45 FT BGS

DRAWN CUENTJJD
TJM

RLWRBOEG
1214115

JURET



PMJECT

PEFFMANCE

II
GEOLOGIC BORING LOG

3S 100
L0TOLL5

3S 100
5TO 185

1A

3S 10 90
TO 215

IA

5
TO 265 11

IA 11

10 90
I01O315 18

20

12 5
15TO365 15

IA 14

80
TO 415

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

12 SOUNDED AT 4525 FT

IN ASPHALT

HAND DUG TO FT TO CLEAR UTILITIESUTILITIE

TOP BROWN SILTY SAND SATURATED

NEXT 12 BLACK FINE TO MEDIUM SAND WI

REDWHITE FLECKSFLECK

TOP LAYER SP SAA THEN 12 SILTY FINE SAND

FINE TO MEDIUM SAND BLACK WI REDWHITE FLECKSFLECK

PROJECT EMF EARTHQUAKE DAMAGE JOB NO 1214115 SHEET BORING NO 12 DR

PROJECT LOCATION EMF SITE BORING LOCATION OF TOTAL DEPTH 465 FT

BOEING FIELD 12D REPLACEMENT BEGUN 621 1230

DRILL CONTRACTOR CASCADE GEOLOGIST TJM FINISHED 621 1500

DRILL RIG DRILLER BRIAN GOSE GROUND ELEV
HOLE SIZE 14 IN ID AUGERSAUGER INCH WEATHER CLEAR DRY GROUND WATER DEPTHELEV
HOLE 87 FT

DRILLING METHOD HS AUGER DRILLING TOP OF ROCK DEPTHIELEV
FLUIDSOURCE

NOTESNOTE
II 00 PRODUCT ODORQ

III II OVA READING
ETC STRATIGRAPHIC DESCRIPTION

10

15

20

25

30

35

40

PLO PPMV

SP

SM
SP

SP

SP

SP

SP

SP

SAA SMALL RECOVERY

SAA

SAA SMALL RECOVERY

SAA

KCSIIP4 43979



PROJECT PERFORMANCE CORPORATION GEOLOGIC BORING LOG

BORING I2DR SHEET2OF2

IIWO ZW NOTESNOTE
PRODUCT ODOR

OVA READINGWUJ
C ETC STRATIGRAPHIC DESCRIPTION

11

90
5TO465
IA 10

SPISP SAA GRADING FINER

SAMPLE TYPESTYPE
SSSPLIT SPOON STHSHELBY TUBE

ROCK CORE OOTHER

45

KCSIIP4 43980



SM

SILTY SAND

SP

FINE TO MEDIUM

SAND

FILTER PACK SAND

33 TO 45 FT BGS

212 LONESTAR

IN SCH 40 PVC RISER

TO 35 FT BGS

IN SCH4OPVCSCREEN

001 0IN FACTORY SLOT

35 TO 45 FT BGS

IN SLIP END CAP

REVISION NO DATE

16935 SE 39TH ST

BELIEVUE WA 98008

425 6434634 FAX 425 6490643

062201 FLITHRSKF

MONITORING WELL I3DR
PROJECT MO

1214115

FIGURE

HEAVY DUTY FLUSHMOUNT SURFACE

MONUMENT INCH PLATE STEEL

SSS L
SCREW PLUG WELL

CAP WITH LOCK

CONCRETE

TO FT BGS

BENTONITE SEAL

TO 33 FT BGS

8IN CHIPSCHIP

DEPTH FT BGS

0

0

5

20

25

30

35

40T

45

DRILLING
DATE 06221

DRILLER CASCADE DRIFLING

IN BOREHOLE 414IN
LD HOFLOWSTEM AUGERSAUGER

TOTAL DEPTH 45FT

LOCATION AND ELEVATION

NOT SURVEYED

DEVELOPMENT SURGE AND PUMP
APPROX 25 GALLONSGALLON REMOVED

PUMPED AT 1 GPM WITH WHALE PUMP

DMWN CUENIJJD
TJM

BOEING

EMF SITE

KCSIIP4 43981



PEXFOMIANCE

GEOLOGIC BORING LOG

3S

10 TO 41 5

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

13 SOUNDED AT 452 FT BGS TO BE REPLACED

SILTY FINE SAND BLACK

FINE TO MEDIUM SAND BLACK WREDWHITE

FLECKSFLECK SATURATED

SAME AS ABOVE SAA

PROJECT EMF EARTHQUAKE DAMAGE JOB NO 1214115 SHEET BORING NO 13 DR

PROJECT LOCATION EMF SITE BORING LOCATION OF TOTAL DEPTH 465 FT

BOEING FIELD 3DR REPLACEMENT BEGUN 622 0700

DRILL CONTRACTOR CASCADE GEOLOGIST TJM FINISHED 622 0945

DRILL RIG DRILLER BRIAN GOSE GROUND ELEV
HOLE SIZE IN ID AUGERSAUGER INCH WEATHER CLOUDY DRY GROUND WATER DEPTHIELEV
HOLE 83FT

DRILLING METHOD HS AUGER DRILLING TOP OF ROCK DEPTHELEV
FLUIDSOURCE

I

NOTESNOTE
PRODUCT ODOR

II OVA READING
I 6 ETC STRATIGRAPHIC DESCRIPTION

10

15

20

25

30

35

40

PLO PPMV

00

01

05

63

12

05

100
OTOLL5

LA

100
15TO 165

3S 100
0TO215 11

4A 15

3S 11 90
TO 265 12

IA 14

3S 1050
30TO3L5 15

19

3S 30
35TO365
JA 12

SM

SP

SP

SP

SP

SP

SAA

SAA SLIGHTLY COARSER

SAA

NO RECOVERY11

11

KCSIIP4 43982



PROJECT PERFORMANCE CORPORATION GEOLOGIC BORING LOG

BORING I3DR SHEET OF

17

100
15TO465 11

15 AT 45 DEPTH AT 0805

SET 10 SLOT SCREEN 35 TO 45
LONESTAR 2112 SAND 33 TO 45

GROUT FROM TO 33

CONCRETE FROM TO

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

I

UJO QZ 2W NOTESNOTE
PRODUCT ODOR

JUJ UW OVAREADING
8 ETC STRATIGRAPHIC DESCRIPTION

45 21 SPSSP SAA GRADING FINER TO SM FROM 46 TO 465

KCSIIP4 43983



SPSM
FINE SILTY SAND

WITH GRAVEL

SM

SILTY
SAND

SP

FINEMEDIUM

SAND WITH

TRACE SILT

IN SCH 40 PVC RISER

TO 35 FT BGS

SCREW PLUG WELL

CAP WITH LOCK

DRILLING DATE 040901

DRILLER CASCADE DRILLING

814 IN BOREHOLE 414 IN

ID HOLLOWSTEM AUGERSAUGER

TOTAL DEPTH 45FT

LOCATION AND ELEVATION

NOT SURVEYED

DEVELOPMENT SURGE AND PUMP
55 GALLONSGALLON REMOVED

PUMPED AT GPM WITH LESSLES

THAN IN DRAWDOWN

IN SCH 40 PVC SCREEN

0010IN FACTORY SLOT

35 TO 45 FT BGS

IN COMPRESSION END CAP

16935 SE 39TH ST

BELLEVUE WA 98008

425 6434634 FAX 425 6490643

REVISION NO DATE ACAD FLE

042401 EMFF25SKF

MONITORING WELL EMFWF25
DRPWI CUENT

CJE LOCATION

CHECKED

TIM

FLUSHMOUNT SURFACE MONUMENTDEPTH FT BGS

IO

15

20

25

30

35

40

45

CONCRETE

TO FT BGS

BENTONITE SEAL

TO 33 FT BGS

38IN CHIPSCHIP

FILTER PACK SAND

33 TO 45 FT BGS

212 LONE STAR

BOEINQ

EMP SITE

WEST SIDE BOEW FIELD

1214111

FIGU

KCSLIP4 43984



PIOJECT

PERFE

CO PU
GEOLOGIC BORING LOG

0105
IA

TO FT HAND DUG TO CLEAR

UTILITIESUTILITIE

BROWN SILTY SAND 1HINCH IRON FINE

OXIDE RUST LAYERS 50 SILT 50
SAND

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

PROJECT BOEING EMFWEST BOEING JOB NO 1214111 SHEET BORING NO
FIELD OF EMFWF25
PROJECT LOCATION WEST SIDE OF BORING LOCATION TOTAL DEPTH 45 FT

BOEING FIELD BEGUN 4901

DRILL CONTRACTOR CASCADE GEOLOGIST TJM FINISHED 4901

DRILL RIG DRILLER BRIAN GROUND ELEV
HOLE SIZE 814 IN 414 IN LD WEATHER GROUND WATER DEPTHELEV
AUGER APPROXIMATELY 10 FT BGS

DRILLING METHOD HOLLOWSTEM DRILLING TOP OF ROCK DEPTHELEV
AUGER FLUIDSOURCE NA
SAMPLER TYPE DAMESDAME MOORE SPHT SPOON HAMMER WEIGHT 140 LB

SAMPLER LENGTH AND DIAM 12IN 212 IN DIAMETER HAMMER FALL 18 IN

NOTESNOTE
C PRODUCT ODOR OVA

READING STRATIGRAPHIC

ETC DESCRIPTION

SPSM
INCHESINCHE ASPHALT PAVING

5

10

FILL BROWN SILTY SAND WITH GRAVEL

SM

KCSIIP4 43985



PROJECT PERFORMANCE CORPORATION GEOLOGIC BORING LOG

BORING EMFWF25 SHEET OF

LUD NOTESNOTE
C PRODUCT ODOR OVA

STRATIGRAPHICWUJ READING
CRIPTIONDESETC

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

SP SAME AS ABOVE

S
150165 15

4A 15

00215
4A

SM BROWN SILT CHANGESCHANGE TO DARK GREY

AT 155 FT

SP SATURATED BLACK MEDIUM SAND

WITH REDWHITE GRAINSGRAIN TRACE SILT

LESSLES THAN 5 40 FINE SAND

50 MEDIUM SAND

35
50265I 15

1A

KCSIIP4 43986



PROJECT PERFORMANCE CORPORATION

BORING EMFWF25

3S
30031531
1IA

32

33

34

95
12

20

GEOLOGIC BORING LOG

SHEET 3OF3

SF SAME AS ABOVE SLIGHTLY FINER

THAN ABOVE

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

OZ NOTESNOTE
C PRODUCT ODOR OVA

STRATIGRAPHICWW READING
DESCRIPTIONETC

SP SAME AS ABOVE

35

36

37

38

39

40

41

42

43

44

45

46

47

S 100
150365 12

IA 20

S 80
100415
1A

11

S 100
150465 10

A 17

SP SAME AS ABOVE

SP SAME AS ABOVE

KCSIIP4 43987



CONCRETE

TO FT BGS

BENTONITE SEAL

TO 35 FT BGS

318IN CHIPSCHIP

FILTER PACK SAND

35 TO 47 FT BGS

212 LONE STAR

SCREW PLUG WELL

CAP WITH LOCK

IN SCH 40 PVC RISER

TO 37 FT BGS

DRILLING DATE 040201

DRILLER CASCADE DRILLING

814 IN BOREHOLE 414 IN

10 HOLLOWSTEM AUGERSAUGER

TOTAL DEPTH 47FT

LOCATION AND ELEVATION

NOT SURVEYED

DEVELOPMENT SURGE AND PUMP
55 GALLONSGALLON REMOVED

PUMPED AT GPM WITH WHALE
PURT1P

IN SCH 40 PVC SCREEN

0010IN FACTORY SLOT

37 TO 47 FT BGS

IN SLIP END CAP

16935 SE 39TH ST

BELLEVUE WA 98008

425 6434634 FAX 425 6490643

1214111

FPGUE

KCSIIP4 43988

FLUSHMOUNT SURFACE MONUMENTDEPTH FT BGS0

10

15

20

25

30

35

40

45

50

SM

SILTY
FINE SAND

SMCL
SILT WITH FINE SAND

PLASTIC

SM

VERY FINE SAND

WITH SILT

SP
FINE TO

MEDIUM SAND

REVISION IK DATE ACAD FLE

04124101 EMFAF26SKF

MONITONNG WELL EMFWF26
VLWWT ULINI

CJE

EMFS1TE

TJM SIDE BOEING FIELD



THPERF

PU GEOLOGIC BORING LOG

SAMPLE TYPESTYPE
SSSPUT SPOON STSHELBY TUBE

ROCK CORE OOTHER

TO FT HAND DUG TO CLEAR

UTILITIESUTILITIE

PROJECT BOEING EMFWEST BOEING JOB NO 1214111 SHEET BORING NO
FIELD OF EMFWF26
PROJECT LOCATION WEST SIDE OF BORING LOCATION TOTAL DEPTH 49 FT

BOEING FIELD BEGUN
DRILL CONTRACTOR CASCADE GEOLOGIST TJM FINISHED

DRILL RIG DRILLER BRIAN GROUND ELEV
HOLE SIZE 814 IN 414 IN ID WEATHER RAIN GROUND WATER DEPTHELEV
AUGER APPROXIMATELY 10 FT BGS

DRILLING METHOD HOLLOWSTEM DRILLING TOP OF ROCK DEPTHELEV
AUGER FLUIDSOURCE NA
SAMPLER TYPE DAMESDAME MOORE SPLIT SPOON HAMMER WEIGHT 140

SAMPLER LENGTH AND DIAM 12IN 212 IN DIAMETER HAMMER FALL 18 IN

NOTESNOTE
0 00 PRODUCT ODOR OVA VI

READING STRATIGRAPHIC
0 ETC DESCRIPTION

SM BROWN SILTY FINE SAND

2
3
4
5

9
10

KCSIIP4 43989



PROJECT PERFORMANCE CORPORATION

BORING EMFWF26

GEOLOGIC BORING LOG

SHEET OF

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

SAMPLE COLLECTED FOR GRAIN SP

SIZE ANALYSISANALYSI

FINE TO MEDIUM SAND BLACK WITH

REDWHITE GRAINS

I

WF NOTESNOTE
PRODUCT ODOR OVA

STRATIGRAPHIC0 0 READING
CRIPTION

JW
DESETC

00115
4A

100 SMCL SILT WITH FINE SAND PLASTIC WET

TOP HALF BROWN BOTTOM HALF GREY

3S 80
50165

4A

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

S 80
O0215 14

1A 18

SMCL SAME AS ABOVE ALL GREY

SM VERY FINE SAND WITH SILT GREY

70S 12

50265 15

SB25 18

KCSIIP4 43990



PROJECT PERFORMANCE CORPORATION

BORING EMFWF26

GEOLOGIC BORING LOG

SHEET OF

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

NO SPLIT SPOON SAMPLE

COLLECTED LOGGED FROM

GEOPROBE SAMPLE

SAMPLE COLLECTED FOR GRAIN

SIZE ANALYSISANALYSI

SAME AS ABOVE SOME COARSER

SAND SOME 12IN WOOD

FRAGMENTS

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

I

FJ NOTESNOTE
C PRODUCT ODOR OVA

STRATIGRAPHICREADING
DESCRIPTIONRNF

ETC
3SF

300315
WA

50

15
31

32

33

34

SP

SP SAME AS ABOVE

SP SAME AS ABOVE70
O0415I
JA 14

S 80
504651 10

3SB45A 15

SP SAME AS ABOVE GRADING SLIGHTLY

FINER THAN ABOVE

KCSIIP4 43991



CLML
SILTY DAY

SM
RY FINE SAND

WITH SIR

IN SCH 40 PVC RISER

TO 36 FT BGS

16935 SE 39TH ST

BELLEVUE WA 98008

425 6434634 FAX 425 6490643

REVSKN NO DATE MAD FU
043001 EMFYF27SKF

MONITORING WELL EMFWF27
BOEING

PROCTNO

12141131214113

EMF SITE LFIGURE

ST SDE BOEING FIELD

FLUSHMOUNT SURFACE MONUMENT

SPSI R
FINE SANDWITHSSANDWITH RLI

SCREW PLUG WELL

CAP WITH LOCK

J

0

5

20

25

30

35

40

45

50

SP

FINE TO

MEDIUM SAND

CONCRETE

TO FT BGS

BENTONITE SEAL

TO 34 FT BGS

38IN CHIPSCHIP

FTER PACK SAND

34 TO 46 FT BGS

212 LONE STAR

DRILLING DATE 04091

DRILLER CASCADE DRILLING

814 IN BOREHOLE 414 IN

LD HOLLOWSTEM AUGERSAUGER

TOTAL DEPTH 46 FT

GEOPROBE PILOT HOLE

ADVANCED TO 100 FT

LOCATION AND ELEVATION

NOT SURVEYED

DEVELOPMENT SURGE AND PUMP
55 GALLONSGALLON REMOVED PUMPED AT

GPM WITH WHALE PUMP

IN SCH 40 PVC SCREEN

0010IN FACTORY SLOT

36 TO 46 FT BGS

IN
SLIP END CAP

DRPML CUENT

CJE
LOCATION

CHECKED

TJM

KCSIIP4 43992



GEOLOGIC BORING LOG

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

TO FT HAND DUG TO CLEAR

UTILITIESUTILITIE

PT
PERFNCE

PROJECT BOEING EMFWEST BOEING JOB NO 1214113 SHEET BORING NO
FIELD OF EMFWF27
PROJECT LOCATION WEST SIDE OF BORING LOCATION TOTAL DEPTH 100 FT

BOEING FIELD BEGUN
DRILL CONTRACTOR CASCADE GEOLOGIST TJM FINISHED

DRILL RIG GEOPROBE DRILLER KASEY GABEL GROUND ELEV
HOLE SIZE 112 IN WEATHER RAIN GROUND WATER DEPTHELEV

APPROXIMATELY 10 FT BGS

DRILLING METHOD DIRECT PUSH DRILLING TOP OF ROCK DEPTHELEV
FLUIDSOURCE NA

SAMPLER TYPE GEOPROBE HAMMER WEIGHT NA
SAMPLER LENGTH AND DIAM 22 IN 1116 IN DIAMETER HAMMER FALL NA

NOTESNOTE
Q PRODUCT ODOR OVA

READING STRATIGRAPHIC

ETC DESCRIPTION
SPSM FINE SAND WITH SILT

3
4
5
6

8
9

10

KCSIIP4 43993



PROJECT PERFORMANCE CORPORATION

BORING EMFWF27

GEOLOGIC BORING LOG

SHEET OF

12

13

14

15

16

17

18

19

00120
IA

00220
1A

CLML

SM

FINE TO MEDIUM SAND BLACK WITH

REDWHITE GRAINSGRAIN 5 FINESFINE

22

23

24

25

26

27

28

29

30

WATER SAMPLE COLLECTED

25 TO 29 FT SAMPLE

NUMBER WBFC25
PLO 06 PPMV

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

NOTESNOTE
0 PRODUCT ODOR OVA

STRATIGRAPHIC0
READING

DESCRIPTION
WILL0 ETC

11

TANGREY SILTY CLAY LAYER FROM 10

TOLIFT

SILTY SAND WITH 20 FINESFINE

100

10020

21

SP

KCSIIP4 43994



PROJECT PERFORMANCE CORPORATION

BORING EMFWF27

GEOLOGIC BORING LOG

SHEET OF

32

33

34

35037036
WA

37

38

39

W0420I
41

HA

42

43

44

50470
HA

WATER SAMPLE COLLECTED

35 TO 39 IT SAMPLE

NUMBER WBFC35
PID 216 PPMV

WATER SAMPLE COLLECTED

45 TO 49 FT SAMPLE

NUMBER WBFC45
PID 286 PPMV

SAME AS ABOVE 1IN SILT LAYER

MLCL AT 47 FT

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

NOTESNOTE JJW
II PRODUCT ODOR OVA

STRATIGRAPHIC0 C
READING

CRIPTION
WW

ETC DES

31
300320
WA

SP SAME AS ABOVE WITH SOME

COARSE SAND

35

100

100

100

50

40

SP SAME AS ABOVE BUT SOMEWHAT

FINER

SP SAME AS ABOVE GRADING FINER

BUT STILL FINE TO MEDIUM SAND

45

46

47

48

49

50

SP

KCSIIP4 43995



PROJECT PERFORMANCE CORPORATION

BORING EMFWF27

00520
4A

3
550570
1A

I5067OI

4A

WATER SAMPLE COLLECTED

55 TO 59 FT SAMPLE

NUMBER WBFC55
PID PPMV

GEOLOGIC BORING LOG

SHEET OF

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE 00TH ER

I

WO NOTESNOTE
C PRODUCT ODOR OVA

STRATIGRAPHIC
JLII UJW READING

CRIPTIONETC DESUZ
CLML 1FT LAYER SILTY CLAY

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

95

20

SM 1FT LAYER DENSE SILTY SAND PLASTIC

GREY

VERY FINE SILTY SAND SILT 20

SM 6IN LAYERSLAYER SILTY
FINE SAND FINE TO

MEDIUM SAND AND SILTY CLAY

SM SILTY VERY FINE SAND NOT PLASTIC

KCSIIP4 43996



PROJECT PERFORMANCE CORPORATION GEOLOGIC BORING LOG

BORING EMFWF27 SHEET OF

IS

UJQ NOTESNOTE
A PRODUCT ODOR OVA

STRATIGRAPHIC
0 0 READING

CRIPTION
WUJMA ETC DES

71

72 80 SPGW FINE SAND WITH GRAVEL UP TO

20740 38 IN BLACK WITH WHITE GRAINS

JA SOME BLACK 18IN GRAINS 6IN

74
LAYER PLASTIC SILTY CLAY FROM 735

TO 74 FT

75

76

77

78

79 50 SM SILTY VERY FINE SAND NO LAYERING

80
90810 MAY BE HEAVE INTO SAMPLER

IA

81

82

83

84

85

86

87

88

89

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

KCSIIP4 43997



PROJECT PERFORMANCE CORPORATION

BORING EMFWF27

9O91 0

91

92

93

94

95

96

97

P801000
IA

GEOLOGIC BORING LOG

SHEET OF

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

IU NOTESNOTE
PRODUCT ODOR OVA

STRATIGRAPHIC
WILL READING

RIPTIONUZ ETC DESC

25 SPSM FINE TO MEDIUM SAND WITH 10
SILT

GREY GREEN SILTY CLAY PLASTIC

MOTTLED LAYERING

98

99

100

CLML

KCSIIP4 43998



CONCRETE AND

GRAVEL BASE

SP

SANDY FILL

SP

FINE TO VERY

FINE SAND

SP

MEDIUM SAND

FILTER PACK SAND

33 TO 46 FT BGS

212 LONE STAR

IN STH 40 PVC RISER

TO 35 FT BGS

16935 39TH ST

BEFTEVUE WA 98008

425 6434634 FAX 425 6490643

ACADFLE

0430101 ETW28SKF

MONITORING WELL EMFWF28
DRW CUENT

CJE
LOCATION

CHECKED

TJM

KCSIIP4 43999

FLUSHMOUNT SURFACE MONUMENT

SCREW PLUG WELL

CAP WITH LOCK

SMML
ERY FINE SAND

WITH SILT

DEPTH FT BGS

1O

20

25

30

35

40

45

CONCRETE

OTO2FTBGSOTO2FTBG

BENTONITE SEAL JJ

2TO33FTBGS2TO33FTBG

38IN CHIPSCHIP
DRILLING DATE 040201

DRILLER CASCADE DRILLING

814 IN BOREHOLE 4114 IN

ID HOLLOWSTEM AUGERSAUGER

TOTAL DEPTH 46 FT

LOCATION AND ELEVATION

NOT SURVEYED

DEVELOPMENT SURGE AND PUMP
55 GALLONSGALLON REMOVED

PUMPED AT GPM WITH

WHALE PUMP

IN SCH 40 PVC SCREEN

0010IN FACTORY SLOT

35 TO 45 FT BGS

IN COMPRESSION END CAP

50

BOEING

EMF SITE

ST SIDE BOEING FIELD

1214113

FIGURE



PERFMANCE

CO PD
GEOLOGIC BORING LOG

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

TO FT HAND DUG TO CLEAR

UTILITIESUTILITIE

IN CONCRETE UNDERLAIN BY 18 IN

GRAVEL BASE

SANDY FILL DARK BROWN

PROJECT BOEING EMFWEST BOEING JOB NO 1214113 SHEET BORING NO
FIELD OF EMFWF28
PROJECT LOCATION WEST SIDE OF BORING LOCATION TOTAL DEPTH 46 FT

BOEING FIELD BEGUN
DRILL CONTRACTOR CASCADE GEOLOGIST TJM FINISHED

DRILL RIG DRILLER BRIAN GOSSGOS GROUND ELEV
HOLE SIZE 814 IN 414 IN LD WEATHER RAIN GROUND WATER DEPTHELEV
AUGER APPROXIMATELY 10 FT BGS

DRILLING METHOD HOLLOWSTEM DRILLING TOP OF ROCK DEPTHELEV
AUGER FLUIDFSOURCE NA
SAMPLER TYPE DAMESDAME MOORE SPLIT SPOON HAMMER WEIGHT 140

SAMPLER LENGTH AND DIAM 12IN 212 IN DIAMETER HAMMER FALL 18 IN

NOTESNOTE
PRODUCT ODOR OVA

READING STRATIGRAPHIC

ETC DESCRIPTION

1
2
3
4
5

10

SP

KCSIIP4 44000



PROJECT PERFORMANCE CORPORATION

BORING EMFWF28

00115
11 SDIO

GEOLOGIC BORING LOG

SHEET OF

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

SAMPLE COLLECTED FOR GRAIN

SIZE ANALYSISANALYSI

SAME AS ABOVE

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

IS

W0 NOTESNOTE
RN PRODUCT ODOR OVA

STRATIGRAPHICUJW READING COUZ
ETC DESCRIPTION

100 SAMPLE COLLECTED FOR GRAIN

SIZE ANALYSISANALYSI

12

13

14

SMML VERY FINE SAND WITH SILT 50
SILT PLASTIC GREY

150165
1A

S 80
00215 15

17

S 100
50265 12

WA 16

SP FINE TO VERY FINE SAND 5 SILT

BLACK WITH REDWHITE GRAINS

SP MEDIUM SAND WITH SOME COARSE

SAND BLACK WITH REDWHITE GRAINS

SP

KCSIIP4 44001



PROJECT PERFORMANCE CORPORATION

BORING EMFWF28

GEOLOGIC BORING LOG

SHEET OF

150365
IA

SAMPLE COLLECTED FOR GRAIN

SIZE ANALYSISANALYSI

SP SAME AS ABOVE

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

UJ

LIJQ NOTESNOTE
C PRODUCT ODOR OVA

STRATIGRAPHICUJI1J READING
CRIPTIONQ O ETC DESUIZ

0O31 5
3SD30

60

15

SAMPLE COLLECTED FOR GRAIN

SIZE ANALYSISANALYSI

SP SAME AS ABOVE

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

S 80
100415

SD40 15

SP SAME AS ABOVE

SP SAME AS ABOVE FEW 38 IN SHARP

EDGE GRAVELS

150465
IA

4010

11

14

KCSIIP4 44002



PROJEA

PEFFONNANCE

GEOLOGIC BORING LOG

SF
01 05

GRAIN SIZE SAMPLE

GSWF51
BROWN SILTY SAND
50 SILT 50 FINE SAND

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

PROJECT BOEING EMFWEST BOEING JOB NO 1214111 SHEET BORING NO
FIELD OF EMFWF29
PROJECT LOCATION WEST SIDE OF BORING LOCATION AT TOTAL DEPTH 45 FT

BOEING FIELD BEGUN 4201
DRILL CONTRACTOR CASCADE GEOLOGIST TJM FINISHED 4201
DRILL RIG DRILLER BTIAN GOSSGOS GROUND ELEV
HOLE SIZE 814 IN 414 IN 10 WEATHER GROUND WATER DEPTHELEV
AUGER APPROXIMATELY 10 FT BGS

DRILLING METHOD HOLLOWSTEM DRILLING TOP OF ROCK DEPTHELEV
AUGER FLUIDSOURCE NA
SAMPLER TYPE DAMESDAME MOORE SPLIT SPOON HAMMER WEIGHT 140 LB

SAMPLER LENGTH AND DIAM 12IN 212 IN DIAMETER HAMMER FALL 18 IN

NOTESNOTE
I 00 PRODUCTODOROVA

READING STRATIGRAPHIC

ETC DESCRIPTION
TO FT HAND DUG TO CLEAR

UTILITIESUTILITIE

10

11 INCHESINCHE CONCRETE

FILL BROWN SILTY SAND WITH GRAVELSPSM

SM
100

KCSIIP4 44003



PROJECT PERFORMANCE CORPORATION GEOLOGIC BORING LOG

BORING EMFWF29 SHEET2OF

LUWQ ZU NOTESNOTE
PRODUCT ODOR OVAQ

LU J READING STRATIGRAPHIC0
ETC DESCRIPTION

11

12

13

GRAIN SIZE SAMPLE

GSWF51

SAME AS ABOVE SLIGHTLY MORE SILT

5TO 10 RANGE

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

5S

50165
LIA 11

3S
O0215 11A 15

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

100

70

80

SP SATURATED BLACK FINE TO MEDIUM
SAND BLACK WITH REDWHITE GRAINSGRAIN
TRACE SILT LESSLES THAN 5

SP SAME AS ABOVE

3S
5O265 18

JIA 23

SP

KCSIIP4 44004



PROJECT PERFORMANCE CORPORATION

BORING EMFWF29

GEOLOGIC BORING LOG

SHEET OF3T

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

GRAIN SIZE SAMPLE

GSWF535

I
CDWA C3Z 2W NOTES IJW

A PRODUCT ODOR OVAA
UI UI IU READING STRATIGRAPHICA A

ETC DESCRIPTION

300315
VA

80

12

31

32

33

34

SP SAME AS ABOVE ONE 2 INCH

SILT LENSE

3S 80
350365 10

VA 15

JS 12 80
100415 15

VA 17

SP SAME AS ABOVE

SP SAME AS ABOVE SOME TO 38
INCH GRAVEL ROUNDED 15

S 40
150465
IA 11

SP SAME AS ABOVE NO GRAVEL

KCSIIP4 44005



PROJECT PERFORMANCE CORPORATION GEOLOGIC BORING LOG

BORING EMFWF29 SHEET OF

S

LUWQ 2W NOTESNOTEJOW
PRODUCT ODOR OVA0 CL

IU IU UJ IU READING STRATIGRAPHIC

ETC DESCRIPTION

20 SP SAME AS ABOVE INCREASING SILT

51
P00515 510
IA 12

52

53

54

S 30 SP SAME AS ABOVE
I505651
IA

14

SAMPLE TYPESTYPE
SSSPLIT SPOON STSHELBY TUBE

ROCK CORE OOTHER

KCSIIP4 44006



DEPTH FT BGS FLUSHMOUNT SURFACE MONUMENT

SAND LOGGED

FROM CUTHNGSCUTHNG

SP

MEDIUM

SAND LOGGED FROM

SAMPLE

BENTONITE SEAL

3TO33FT BGS

11 BAGSBAG MEDIUM

CHIPSCHIP

FILTER PACK SAND

33 TO 47 FT BGS

BAGSBAG 10X20

SILICA SAND

SCREW PLUG WELL

CAP WITH LOCK

IN SCH 40 PVC RISER

TO 35 FT BGS

IN SCH 4Q PVC SCREEN

0010IN FACTORY SLOT

35 TO 45 FT BGS

MONITORING WELL WF 35
PROJECT NO

1214113

FIGURE

CONCRETE

SP

MEDIUM

YP

CONCRETE

TO FT BGS

SP
MEDIUM SAND WITH

LENSESLENSE OF FINER SAND

FROM CUTTINGSCUTTING

0

0

5

20

25

30

35

40

45

50

DRILLING DATE 082901

DRILLER CASCADE DRILLING

10 IN BOREHOLE 6114IN

LD HOLLOWSTEM AUGERSAUGER

TOTAL DEPTH 47 FT

LOCATION AND ELEVATION

NOT SURVEYED

DEVELOPMENT SURGE AND PUMP
APPROX 250 GALLONSGALLON REMOVED

PUMPED AT 25 GPM WITH 07FT

DRAWDOWN

4IN END CAP

16935 SE 39TH ST

BEUEVUE WA 98008

425 6434634 FAX 425 6490643

09401
RPE

BOEING
DRAWN CLIENT

JJD

CDT
TJM

EMF SITE

WEST BOEING FIELD

KCSIIP4 44007



PRIFMANCE

GEOLOGIC BORING LOG

50

4815 100

7720 100

6101 30

SET SCREEN AT 45 FT 35 FT 10 SLOT

CEMENT FROM FT TO

WELL IS FLUSH MOUNT

SS SPLIT SPOON

CONCRETE

MED BLACKISH BROWN SAND W
REDWHITE FLECKSFLECK WELL GRADED

BASED ON DRILL CUTTINGSCUTTING SAA
LENSESLENSE OF MED TO FINE GRAY

SAND WI ORANGE MOTTLING FE
CUTTINGSCUTTING SATURATED AT 17

WATER ADDED TO CONTROL HEAVE

MED BLACK SAND WI REDWHITE

FLECKSFLECK WELL GRADED WOOD BITSBIT

SAA SMALL AMOUNT OF WOOD

SAA

SAA LARGE PIECE OF WOOD

DEBNSDEBN CAUSED LOW RECOVERY

DRILLED TO 50 HEAVED TO 47

PROJECT EMFWEST BOEING FIELD JOB NO 1214113 SHEET BORING NO WF35
OF

PROJECT LOCATION EMF BORING LOCATION TOTAL DEPTH 47 FT

BOEING FIELD BEGUN 82901 0715

DRILL CONTRACTOR CASCADE GEOLOGIST JJD FINISHED 82901 0940

DRILL RIG DRILLER BRIAN GROUND ELEV
HOLE SIZE 614 ID AUGER 10 IN WEATHER CLEAR GROUND WATER
HOLE DEPTHJELEV 938 FEET

DRILLING METHOD HOLLOWSTEM DRILLING TOP OF ROCK DEPTHELEV
AUGER FLUIDISOURCE NA
SAMPLER TYPE SS HAMMER WEIGHT
SAMPLER LENGTH AND DIAM 12 HAMMER FALL

WMA
JUJ U NOTES I

II PRODUCT ODOR
J OVA READING STRATIGRAPHIC

I C ETC DESCRIPTION

1
4
15

20

25

30

35

40

45

2550 100

SP

SP

SP

SP

SP

SP

C3

3031
SS

35 36

3S

1041

3S

15 46

PID00

PID 00

PID 00

PID 00

FILTER PACK IS 10X20 SILICA SAND FROM 47 FT TO 33 FT BAGSBAG
GROUT IS MEDIUM BENTONITE CHIPSCHIP FROM 33 FT TO FT 11 BAGSBAG

KCSIIP4 44008



APPENDIX PARTICLESIZE ANALYSESANALYSE

EME DATA SUM MAR2WPD 11602

KCSIIP4 44009



SW KLICKITAT WAY SUITE 107

WMEE
SEATTLE WA 98134

ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC 206 2879122

APRIL 16 2001

MS STEPHANIE LUCASLUCA

ANALYTICAL RESOURCESRESOURCE INC

400 NINTH AVENUE NORTH

SEATTLE WA 98109

ARI PROJECT NO CY61 REGL PROJECT NO 1000309

DEAR MS LUCASLUCA

TWO SAMPLESSAMPLE FROM THE REFERENCED PROJECT WERE RECEIVED FOR GRAIN SIZE ANALYSISANALYSI ON APRIL 11 2001

THE RESULTSRESULT OF THE ANALYSISANALYSI ARE DISCUSSED ON THE ATTACHED NARRATIVE AND SUMMARY TABLE

PLEASE CALL ME TO DISCUSSDISCUS ANY QUESTIONSQUESTION OR COMMENTSCOMMENT YOU MAY HAVE ON THE DATA OR ITS

PRESENTATION

BEST REGARDSREGARD
ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

LABORATORY MANAGER

KCSLIP4 44010



1001 SW KLICKITAT WAY SUITE 107
LEE I 1IL WMBE SEATTLE WA 98134

ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC 206 2879122

CLIENT ANALYTICAL RESOURCESRESOURCE INC REGL PROJECT NO 1000309

CLIENT PROJECT CY61 SAMPLE BATCH NO NA

CASE NARRATIVE

1 TWO SAMPLESSAMPLE WERE RECEIVED ON APRIL 11 2001 FOR GRAIN SIZE ANALYSIS

2 THE SAMPLESSAMPLE WERE ANALYZED FOR GRAIN SIZE ANALYSISANALYSI ACCORDING TO ASTM D422
3 THERE WERE NO ANOMALIESANOMALIE IN THE SAMPLESSAMPLE OR METHODSMETHOD ON THISTHI PROJECT

RELEASED BY

LABORATORY LEAD

APPROVED BY

LABORATORY MANAGER

PAGE

DATE

DATE

KCSIIP4 44011



OO7
SUBCONTRACTOR ANALYSISANALYSI RZQUEST

VUSTODY TRANSPR 04LO03 ARI PROJECT C761

LABORATORY REG LAB

LAB CONTACT HAROLD BENNY

LAB ADDRESSADDRES 400 NINTH AVE STE

SEATTLE WA 981095187

PHONE 2063896156
FAX

AR CLIENT

PROJECT ID
ARI PMGR

PHONE

FAX

BOEING CORPORATE SHEA

1214ILL

STEPHANIE LUCASLUCA
206 3402866 EXT 106

206 6217523

ANALYTICAL PROTOCOL INHOUSE REQUESTED TURN AROUND 042201
FAX RESULTSRESULT YN YES

ARI SAMPLE ID CLIENT SAMPLE ID SAMPLED MATRIX BOTTLESBOTTLE ANALYSESANALYSE

4 901 SOIL

GRAIN SIZE SUBC

0L5350CY61B GSA4O 4 901 SOIL

GRAIN SIZE SUBC

LIMITSLIMIT OF LIABILITY SUBCONTRACTOR IS EXPECTED TO PERFORM ALL REQUESTED SERVICESSERVICE

IN ACCORDANCE WITH APPROPRIATE METHODOLOGY FOLLOWING STANDARD OPERATING PROCEDURESPROCEDURE

THAT MEET STANDARDSSTANDARD FOR THE INDUSTRY THE TOTAL LIABILITY OF ART ITS OFFICERSOFFICER

AGENTSAGENT EMPLOYEESEMPLOYEE OR SUCESSORA ARISING OUT OF OR IN CONNECTION WITH THE REQUESTED

SERVICESSERVICE SHALL NOT EXCEED THE NEGOTIATED AMOUNT FOR SAID SERVICES THE AGREEMENT

BY THE SUBCONTRACTOR TO PERFORM SERVICESSERVICE REQUESTED BY ART RELEASESRELEASE ART FROM ANY

LIABILITY IN EXCESSEXCES THEREOF NOT WITHSTANDING ANY PROVISION TO THE CONTRARY IN ANY

CONTRACT PURCHASE ORDER OR COSIGNED AGREEMENT BETWEEN ART AND THE SUBCONTRACTOR

CARRIER AIRBILL DATE

COTT
DATE ITIME

ICOMPANY
ID41

ITIME

01
REC4VED BY E I1UTBI I

ICARRIER JAIRBILL

RELINQUISHED BY COMPANY IDATE

IDATE

TIME

RECEIVED BY COMPANY IDATE ITIME

01 5349CY61A GSA2

PAGE LAST PAGE OF SUBCONTRACTOR CUSTODY FORM CY61

KCSIIP4 44012



ROSA ENVIRONMENTAL AND GEOTECHNICAL LABORATORY LLC

ANAIYTICI RESOURCESRESOURCE INCCY61

PERCENT FINER THAN INDICATED SIZE

SIEVE SIZEMICRONSMICRON 34

1000 1000 10001000 1000 1000

12 38

1000 10001000 1000

102000

20 40 60 100 200850 425 250 150 75

971 525 175 63 21

978 605 212 40

GSA25 999GSA4O 1000 1000

1000309



ROSA ENVIRONMENTAL AND GE

CHNICAL LABORATORY 1

ANALYTICAL RESOURCESRESOURCE INC

CY6I

PERCENT RETAINED IN EACH SIZE FRACTION

SIEVE SIZEMICRONSMICRON 4750 47502000 2000850 850425 425250 250125 12575 75

GSA25 01 01 28 446 350 112 42 21GSA4O 00 00 22 373 392 115 57 40

1000309

CD



ROSA ENVIRONMENTAL AND GEOTECHNICAL LABORATORY LLC

ANALYTICAL RESOURCESRESOURCE INC

CY61

MOISTURE CONTENT

MOISTURE CONTENT
SAMPLE IDENTIFICATION

GSA25 245

GSA4O 261

TESTSTEST CONDUCTED ACCORDING TO ASTM D2216

1000309

KCSLIP4 44015



C
CD

100000
1000309

ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT CY6SAMPLE NO GSA25

U
U

A
U

LI
0

10000 1000 100 10

GRAIN SIZE MICRONSMICRON



CD

ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LIC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT CY6ISAMPLE NO GSA4O

IL
0

U
U
0

100000
1000309

10000 1000 100 10

GRAIN SIZE MICRONSMICRON



LEE
1001 SW KLICKITAT WAY SUITE 107

WMBE SEATTLE WA 98134

ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC 206 2879122

APRIL 112001

MR TOM MCKEON

PPC

16935 SE 39 ST

BELLEVUE WA 98008

SUBJECT BOEING EMFIWBF 1214113 REGL PROJECT NO 1000307

DEAR MR MCKEON

ELEVEN SAMPLESSAMPLE FROM THE REFERENCED PROJECT WERE RECEIVED FOR GRAIN SIZE ANALYSIS ENCLOSED ARE

THE DATA TABLESTABLE AND GRAPHS

PLEASE CALL ME TO DISCUSSDISCUS ANY QUESTIONSQUESTION OR COMMENTSCOMMENT YOU MAY HAVE

BEST REGARDSREGARD
ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

HAROLD BENNY

LABORATORY MANAGER

KCSIIP4 44018



1001 SW KLICKITAT WAY SUITE 07
FE IB WMDE SEATTLE WA 98134

ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC 206 2879122

CLIENT PPC PROJECT NO 1000307

CLIENT PROJECT BOEING EMFWBF 1214113 BATCH NO 100030701

CASE NARRATIVE

1 ELEVEN SAMPLESSAMPLE WERE RECEIVED ON APRIL 2001 FOR GRAIN SIZE ANALYSISANALYSI ACCORDING TO ASTM
D422

2 TRIPLICATE WAS RUN ON ONE SAMPLE AND THE RESULTSRESULT CAN BE FOUND IN THE TABLES

3 ALL SAMPLESSAMPLE APPEARED TO BE SANDSSAND EXCEPT FOR GSDIO AND GSWF510 THESE SAMPLESSAMPLE HAD

HIGHER PERCENTAGE OF SILT

4 THERE WERE NO ANOMALIESANOMALIE IN THE SAMPLESSAMPLE OR METHODS

RELEASED BY JMA4R JLA3 DATE JO
TITLE LABORATORY AD

APPROVED BY TCJ41 4EII DATE

TITLE LABORATORY MANAGER

PAGE

KCSLIP4 44019



ROSA ENVIRONMENTAL AND GE CHNICAL LABORATORY LLC

PPCBOEING EMFNVBF 1214113

PERCENT RETAINED IN EACH SIZE FRACTION

SIEVE SIZEMCRONSMCRON 4750 47502000 2000850 850425 425250 250125 12575 75

GSO2OA 00 04 118 550 262 38 16 11GSD2OB 00 05 114 576 236 38 16 15GSD2O 00 04 115 550 259 37 16 19GSDIO 00 00 02 11 24 107 384 471GSD3O 01 05 130 437 260 97 38 31GSB25 01 06 55 629 161 45 48 56GSB45 00 04 47 583 247 56 33 29GSWF555 01 08 42 268 401 139 90 52GSWF515 00 00 29 519 345 73 17 17GSD4O 05 16 91 467 302 78 24 17GSWF535 00 01 21 444 413 77 25 19GSD45 01 13 111 445 277 100 33 19GSWF510 00 00 00 15 52 38 312 582

1000307

CD
CD



ROSA ENVIRONMENTAL AND GEOTECHNICAL LABORATORY LLC

PPC

BOEING EMFWBF 1214113

MOISTURE CONTENT

MOISTURE CONTENT
SAMPLE IDENTIFICATION

GSD2OA 166

GSD2OB 180

GSD2O 230

GSD1O 306

GSD3O 189

GSB25 225

GSB45 210

GSWF555 242

GSWF51 210

GSD4O 226

GSWF535 248

GSD45 193

GSWF510 285

TESTSTEST CONDUCTED ACCORDING TO ASTM D2216

1000307
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ROSA ENVIRONMENTAL AND GE CHNICAL LABORATORY LLC

PPCBOEING EMFIWBF 1214113

PERCENT FINER THAN INDICATED SIZE

SIEVE SIZEMICRONSMICRON 34W
1000

12
1000

38
1000 1000

102000
996

20850
878

40425
328

60250
66

100 150
27

75
11GSD2O 1000 1000 1000 1000 1000 1000 995 881 305 69 31 15GSD2O 1000 1000 1000 1000 1000 1000 996 881 331 72 35 19GSD2O 1000 1000 1000 1000 1000 1000 997 986 962 855 471GSD1O 1000 1000 1000 1000 999 994 864 426 166 69 31GSD3O 1000 10001000 1000 1000 1000 999 993 939 309 149 104 56GSB25 1000 1000 1000 1000 1000 1000 996 949 366 118 62 29GSB45GSWF555 1000 1000 1000 10001000

10001000

9991000

9911000

949
971

682
452

281
107

142
34

52
17GSWF515 1000 10001000 1000 1000 1000 995 979 888 422 120 41 17GSD4O 1000 1000 1000 1000 1000 1000 999 978 534 121 44 19GSWF535 1000 1000 1000 1000 999 986 875 430 153 53 19GSD45GSWF510 10001000 1000 1000 1000 1000 1000 1000 1000 984 932 894 582

1000307

CD



ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT BOEING EMFIWBF 1214113SAMPLE NO GSB25

10 20 40 60 100 200OH 100
8C

6C
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IIL

20

100000 10000 1000 100 10

GRAIN SIZE MICRONSMICRON1000307
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ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT BOEING EMFWBF 1214113SAMPLE NO GSB45

100
80
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A

20

100000
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10000 1000 100 10

GRAIN SIZE MICRONSMICRON
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ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT BOEING EMFIWBF 1214113SAMPLE NO GSD1O

100
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C
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20
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1000307

10000 1000 100 10
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ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT BOEING EMFWBF 1214113SAMPLE NO GSD2O

100
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20
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1000307

10000 1000 100 10
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ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM 0422 GRAIN SIZE DISTRIBUTION

PROJECT BOEING EMFWBF 1214113SAMPLE NO GSD2O

100
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1000307
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10000 1000 100 10

GRAIN SIZE MICRONSMICRON



ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LIC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT BOEING EMFIWBF 1214113SAMPLE NO GSD2O

CJ 10 20 40 60 100 200CJ 100
80

600
LU

CL
AHH 40

LU
LU
AHI

HL 20

100000 10000 1000 100 10

GRAIN SIZE MICRONSMICRON1000307
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ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT BOEING EMFWBF 1214113SAMPLE NO GSD3O

10 20 40 60 100 200ICHI 100
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ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT BOENG EMFIWBF 1214113SAMPLE NO GSD4O
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ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT BOEING EMFIWBF 1214113SAMPLE NO GSD45
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10000 1000 100 10

GRAIN SIZE MICRONSMICRON
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ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT BOEING EMFWBF 1214113SAMPLE NO GSWF510

100

100000
1000307C

CDC
I

10000 1000 100 10

GRAIN SIZE MICRONSMICRON



C
CDC

C

ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT BOEING EMFWBF 1214113SAMPLE NO GSWF51
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ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM D422 GRAIN SIZE DISTRIBUTION

PROJECT BOEING EMFIWBF 1214113SAMPIE NO GSWF535
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ROSA ENVIRONMENTAL GEOTECHNICAL LABORATORY LLC

ASTM 0422 GRAIN SIZE DISTRIBUTION

PROJECT BOEING EMFIWBF 1214113SAMPLE NO GSWF555

10 20 40 60 100 200
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APPENDIX REPORT FOR AQUIFER PUMPING TEST EMF PLUME ON WEST SIDE OF NORTH BOEING FIELD

EMF DATA SUMMAR2WPD 11602
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DRAFT REPORT FOR AQUIFER PUMPING TEST
EMF PLUME ON WEST SIDE OF NORTH BOEING FIELD

10 INTRODUCTION

THISTHI
REPORT SUMMARIZESSUMMARIZE THE FIELD WORK AND DATA

ANALYSISINTERPRETAT FOR AN AQUIFER PUMPING TEST PERFORMED

NEAR THE WEST SIDE OF NORTH
BOEING FIELD THE GENERAL SITE VICINITY IS SHOWN IN FIGURE 1 THISTHI TEST WAS

CONDUCTED TO DETERMINE HYDRAULIC PROPERTIESPROPERTIE OF THE AQUIFER UNDERLYING NORTH BOEING FIELD IN THE AREA WHERE THE

VOLATILE ORGANIC COMPOUND VOC PLUME FROM THE EMF SITE IS LOCATED ALONG THE WESTERN BOUNDARY WITH EAST

MARGINAL WAY SITE MAP SHOWING THE LOCATION OF THE PUMPING TEST SITE AND LAYOUT OF MONITORING WELLSWELL IS

SHOWN IN FIGURE 2

THE PUMPING TEST WAS CONDUCTED BASED ON THE RECOMMENDATIONSRECOMMENDATION OF THE PROJECT PEER REVIEW TEAM THE

PRIMARY AQUIFER PROPERTY OF INTEREST IS THE HYDRAULIC CONDUCTIVITY THE CONDUCTIVITY DETERMINED FROM THE TEST IS

ONE OF THE KEY PARAMETERSPARAMETER USED IN TRANSPORT AND DEGRADATION RATE CONSTANT CALCULATIONSCALCULATION AS WELL AS FOR DESIGN
OF REMEDIAL ACTIONSACTION IF THEY ARE DEEMED NECESSARY THE AQUIFER PUMPING TEST WAS USED TO EVALUATE SPECIFIC

STRATIGRAPHIC INTERVAL OF THE AQUIFER WHERE THE EMF VOC PLUME IS PRESENT THISTHI SPECIFIC VERTICAL INTERVAL OF THE

AQUIFER IS EXPECTED TO HAVE HIGHER HYDRAULIC CONDUCTIVITY RELATIVELY THAN OTHER PORTIONSPORTION OF THE AQUIFER BASED
ON VISUAL OBSERVATIONSOBSERVATION OF THE SOIL TEXTURE AND COMPARISON OF GRAIN SIZE DISTRIBUTIONS

11 SUMMARY OF TEST PROCEDURESPROCEDURE

THE AQUIFER PUMPING TEST WAS CONDUCTED BY EXTRACTING WATER FROM ONE WELL EXTRACTION WELL AND OBSERVING THE

DRAWDOWN IN THISTHI WELL AND FOUR OTHER WELLSWELL OBSERVATION WELLS THE TEST WAS CONDUCTED IN THREE PARTSPART
CONSISTING OF STEPDRAWDOWN TEST CONSTANT RATE TEST AND

RECOVERY TEST THE STEPDRAWDOWN TEST WAS
CONDUCTED BY PUMPING THE EXTRACTION WELL AT INCREASING FLOW INCREMENTSINCREMENT AND MEASURING DRAWDOWN OVER TIME IN

THE EXTRACTION WELL

THE CONSTANT RATE TEST WAS CONDUCTED BY PUMPING THE EXTRACTION WELL AT CONSTANT RATE FOR PERIOD OF 24
HOURS THE CONSTANT RATE TEST WAS STARTED AFTER THE WATER ELEVATION IN THE EXTRACTION WELL HAD FULLY RECOVERED

FROM THE STEPDRAWDOWN TEST APPROXIMATELY 20 HOURSHOUR AFTER THE STEP TEST THE WATER LEVELSLEVEL IN THE FIVE WELLSWELL

WERE MONITORED DURING THE CONSTANT RATE TEST WATER LEVELSLEVEL WERE MONITORED USING PRESSURE TRANSDUCERSTRANSDUCER AND
DATA LOGGERSLOGGER AS WELL AS MANUAL MEASUREMENTSMEASUREMENT USING AN ELECTRONIC DEPTH SOUNDER ETAPE

THE RECOVERY TEST BEGAN IMMEDIATELY AFTER COMPLETION OF THE CONSTANT RATE TEST THE
RECOVERY TEST WAS

CONDUCTED BY MEASURING RECOVERY OF THE DRAWDOWN IN THE EXTRACTION WELL AND OBSERVATION WELLSWELL OVER TIME AFTER

CESSATION OF PUMPING

WELL EMF WF35 FOUR INCH DIAMETER WELL WAS USED AS THE EXTRACHON WELL THE FOLLOWING 2INCH DIAMETER

WELLSWELL WERE USED AS OBSERVATION WELLSWELL

EMF WF27 29 FEET FROM EMF WF35
EMF WF26 92 FEET FROM EMF WF35
EMF WF28 174 FEET FROM EMF WF35
EMF WF29 259 FEET FROM EMF WF35

EMF PUMPING TEST 101001
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12 SUMMARY OF BACKGROUND INFORMATION

SOME GENERAL SITE BACKGROUND INFORMATION IS BRIEFLY SUMMARIZED IN THISTHI SECTION ADDITIONAL INFORMATION

INCLUDING BORING LO9SWELL CONSTRUCTION DETAILSDETAIL GRAIN SIZE DISTRIBUTIONSDISTRIBUTION OF SOIL SAMPLESSAMPLE AND VOC PLUME CROSS

SECTION DATA IS PRESENTED IN APPENDIX A

THE SITE IS LOCATED IN THE DUWAMISH VALLEY APPROXIMATELY 1500 FT NORTHEAST OF THE DUWAMISH WATERWAY THE

GENERAL STRATIGRAPHY AT THE SITE IS AS FOLLOWS THE SURFACE CONSISTSCONSIST OF THE TARMAC WHICH IS UNDERLAIN BY VARYING

DEPTHSDEPTH OF FILL RANGING FROM APPROXIMATELY TO FEET IN THICKNESS THE FILL IS UNDERLAIN BY SILTY ZONE WHICH

EXTENDSEXTEND TO DEPTH OF APPROXIMATELY 15 TO 20 FEET BELOW GROUND SURFACE BGS MATERIALSMATERIAL IN THISTHI ZONE APPEAR TO

CONSIST OF APPROXIMATELY 50 FINESFINE IE SILT AND CLAYSIZED PARTICLES THISTHI ZONE IS UNDERLAIN BY UNIFORM FINE

TO MEDIUM SANDSSAND WHICH EXTEND TO DEPTH OF APPROXIMATELY 50 FEET BGS BASED ON PARTICLESIZE ANALYSESANALYSE OF

SAMPLESSAMPLE COLLECTED FROM THISTHI ZONE THISTHI FINE TO MEDIUM SAND ZONE CONTAINSCONTAIN APPROXIMATELY 1 FINESFINE SEE

APPENDIX A THISTHI ZONE IS THEN UNDERLAIN BY INTERBEDDED SANDSSAND AND SILTS APPENDIX INCLUDESINCLUDE CROSSCROS SECTION

SHOWING THE STRATIGRAPHY ENCOUNTERED IN THISTHI AREA THE STRATIGRAPHY DESCRIBED HERE AND APPENDIX IS

IDENTICAL WITH THE RESULTSRESULT OF TWO PREVIOUSPREVIOU GEOTECHNICAL INVESTIGATIONSINVESTIGATION CONDUCTED IN THE IMMEDIATE AREA

ROUGH ESTIMATESESTIMATE OF THE HYDRAULIC CONDUCTIVITY OF THE AQUIFER IN THISTHI AREA WERE PREVIOUSLY MADE BASED ON

EVALUATION OF GRAIN SIZE DISTRIBUTIONSDISTRIBUTION AND THE RESULTSRESULT OF SLUG TESTS BASED ON THESE DATA THE HYDRAULIC

CONDUCTIVITY WAS ESTIMATED TO BE IN THE
RANGE OF 60 TO 170 FTDAY 102 CMSEC TO 102 CRNSEC THESE

INITIAL ESTIMATESESTIMATE CONTAIN LARGE UNCERTAINTY WHICH IS ONE OF THE REASONSREASON THE PEER REVIEW TEAM RECOMMENDED

CONDUCTING AN AQUIFER PUMPING TEST

13 ORGANIZATION

THE REMAINDER OF THISTHI REPORT DESCRIBESDESCRIBE HOW THE PUMPING TEST WAS PERFORMED SECTION 20 IDENTIFIESIDENTIFIE THE

EQUIPMENT USED TO CONDUCT THE TEST SECTION 30 PRESENTSPRESENT THE SPECIFIC FIELD PROCEDURESPROCEDURE USED SECTION 40

DESCNBESDESCNBE THE ANALYSISANALYSI OF DATA AND CONCLUSIONSCONCLUSION DERIVED FROM THE TEST SECTION 50 PRESENTSPRESENT CONCLUSIONSCONCLUSION

DERIVED FROM THE TEST AND DATA ANALYSIS APPENDIX PROVIDESPROVIDE SOME RELEVANT SITE BACKGROUND INFORMATION

APPENDIX PRESENTSPRESENT THE DATA ANALYSISANALYSI PLOTSPLOT USED TO ESTIMATE THE HYDRAULIC PARAMETERSPARAMETER OF THE AQUIFER

APPENDIX PRESENTSPRESENT THE WATER LEVEL RESPONSE DATA APPENDIX PRESENTSPRESENT THE LABORATORY DATA SHEETSSHEET FOR THE

SAMPLESSAMPLE ANALYZED

20 EQUIPMENT

THE EQUIPMENT USED TO PERFORM THE AQUIFER PUMPING TEST IS IDENTIFIED IN TABLE 1 THE SUBMERSIBLE PUMP
VARIABLE SPEED DRIVE AND TWO OF THE PRESSURE TRANSDUCERSTRANSDUCER WERE RENTED FROM INSTRUMENTATION NORTHWEST THE

FOUR DOUBLE WALLED STORAGE TANKSTANK TOTAL CAPACITY OF 70000 GALLONSGALLON WERE RENTED FROM BAKER TANKS THE

GENERATOR WAS RENTED FROM PRIME POWER THE DATA LOGGERSLOGGER AND ADDITIONAL
PRESSURE TRANSDUCERSTRANSDUCER USED WERE

BOEINGSUPPLIED EQUIPMENT

PIPING WAS CONNECTED TO THE DISCHARGE PORT ON THE SUBMERSIBLE PUMP AND ROUTED THROUGH THE FLOW

METERTOTALIZERSMETERTOTALIZER GATE VALVE AND SAMPLE PORT TO THE FOUR BAKER TANKS BALL VALVE WAS INSTALLED AT THE BASE OF

THE HOSE LEADING INTO EACH OF THE BAKER TANKS

EMF PUMPIN9 TEST 101001
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TABLE 1 EQUIPMENT USED

ITEM QUANTITY COMMENTSCOMMENT

4INCH SUBMERSIBLE PUMP MAXIMUM CAPACITY OF APPROXIMATELY 50 GALLONSGALLON PER

MINUTE AT 50 FEET HEAD INCLUDESINCLUDE DISCHARGE PIPING

ELECTRICAL WIRING AND FOOT VALVE TO PREVENT DRAINAGE INTO

WELL

VARIABLE FREQUENCY DRIVE CAPABLE OF OPERATING PUMP UP TO 100 HERTZ

LARGE ELECTRICAL GENERATOR DIESEL GENERATOR WAS USED TO INSURE CONSTANT AND

STEADY SUPPLY OF ELECTRICITY

GATE VALVE INSTALLED ON DISCHARGE LINE

TOTALIZERFLOW METER USED TO MEASURE DISCHARGE FROM WELL

SAMPLE TAP INSTALLED ON DISCHARGE PIPING DOWNSTREAM OFLIOW METER

AND USED TO COLLECT WATER QUALITY SAMPLES

8CHANNEL DATA LOGGER USED TO COLLECT AND STORE TIMESTAMPED MEASUREMENTSMEASUREMENT

FROM
PRESSURE

TRANSDUCERS

VENTED SUBMERSIBLE PRESSURE INSTALLED IN EXTRACTION WELL AND OBSERVATION WELLSWELL AND

TRANSDUCERSTRANSDUCER USED TO MEASURE WATER LEVEL TRANSDUCERSTRANSDUCER WERE

CAPABLE OF MEASURING WATER LEVELSLEVEL TO 001 FT 00043

PSI

WELL SOUNDER USED TO MEASURE DEPTH TO WATER IN EXTRACTION WELL AND

OBSERVATION WELLS SOUNDER WAS CAPABLE OF MEASURING

WATER LEVELSLEVEL TO 001 FT

PH TEMPERATURE AND SPECIFIC EA USED FOR FIELD MEASUREMENTSMEASUREMENT OF PH TEMPERATURE AND

CONDUCTANCE METERSMETER SPECIFIC CONDUCTANCE INCLUDED CALIBRATION SOLUTIONS

40ML VOLATILE ORGANIC ANALYSISANALYSI USED TO COLLECT WATER SAMPLESSAMPLE FOR VOC ANALYSIS

VIALSVIAL

STOP WATCH USED TO MEASURE ELAPSED TIME DURING TEST

STEEL DRUM 55GALLON DRUM WAS USED TO COLLECT QUANTITY OF WATER

OVER TIMED INTERVAL TO VERIFY ACCURACY OF FLOW METER

DOUBLEWALLED 17600 GALLON USED TO COLLECT WATER PUMPED FROM EXTRACTION WELL

CAPACITY BAKER TANKSTANK INCLUDED PIPE HOSE AND VALVESVALVE FROM WELL HEAD TO

TANKS

EMF PUMPING TEST 1011001
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30 TEST PROCEDURESPROCEDURE

THE FOLLOWING SECTIONSSECTION DESCRIBE THE SPECIFIC PROCEDURESPROCEDURE USED FOR EACH OF THE THREE TESTSTEST

STEPDRAWDOWN TEST

CONSTANT DISCHARGE TEST AND

RECOVERY TEST

AD TEST PROCEDURESPROCEDURE WERE CONDUCTED IN ACCORDANCE WITH PROJECT PERLORMANCE CORPORATIONSCORPORATION FOREIGN OBJECT

DEBRISDAMAGE FOD AWARENESSPREVENTION PROGRAM WHICH WAS PART OF THE WORK PLAN FOR THE PUMPING TEST

ALL STAFF PARTICIPATING IN FIELD ACTIVITIESACTIVITIE ASSOCIATED WITH THE PUMPING TEST RECEIVED FOD AWARENESSAWARENES TRAINING PRIOR

TO WORKING ON THE SITE

31 STEPDRAWDOWN TEST

AN ETAPE WAS INITIALLY
USED TO MEASURE DEPTH TO WATER IN THE EXTRACTION WELL AND THE FOUR OBSERVATION WELLSWELL

BEFORE THE PLACEMENT OF THE PUMP AND THE PRESSURE TRANSDUCERS BEFORE MEASURING DEPTH TO WATER

EXTENSIONSEXTENSION TO THE WELL CASING OF APPROXIMATELY ONE FOOT WERE PLACED ON EACH OF THE MONITORING WELLSWELL TO BRING

THEM UP OUT OF THE FLUSHMOUNT WELL COMPLETIONS

THE SUBMERSIBLE PUMP WAS THEN SET IN THE EXTRACTION WELL NEAR THE TOP OF THE SCREEN INTERVAL APPROXIMATELY

FEET ABOVE THE WELL BOTTOM THE TOP OF THE WELL WAS COVERED WITH TWOHOLE COMPRESSION WELL SEAL ONE HOLE

FOR THE DISCHARGE PIPE AND ONE HOLE FOR THE TRANSDUCER PORT THE PUMP WAS WIRED THROUGH THE VARIABLE

FREQUENCY DRIVE VFD CONTROLLER TO THE GENERATOR

TRANSDUCERSTRANSDUCER WERE PLACED IN ALL FIVE WELLSWELL BETWEEN AND 15 FEET BELOW THE STATIC WATER LEVEL AND SECURED AT THE

TOP TO PREVENT MOVEMENT DURING THE TEST TRANSDUCERSTRANSDUCER IN THE EXTRACTION WELL AND THE THREE CLOSEST OBSERVATION

WELLSWELL EMF WF 35 2627 28 WERE CONNECTED TO ONE DATA LOGGER MONITORING WELL EMF WF29 WAS

CONNECTED TO SECOND DATA LOGGER BECAUSE IT WAS FURTHER FROM THE EXTRACTION WELL THAN THE LENGTH OF THE

TRANSDUCER CABLE BOTH DATA LOGGERSLOGGER WERE PROGRAMMED TO COLLECT DATA AT DIFFERENT INTERVALSINTERVAL OVER THE TESTING

PERIOD

THE PUMP WAS TURNED ON FOR FEW MINUTESMINUTE TO VERITY THAT ALL COMPONENTSCOMPONENT WERE OPERATING CORRECTLY AFTER THE

PUMP WAS SHUT OFF THE TRANSDUCER IN THE EXTRACTION WELL WAS RESET AT LOWER DEPTH TIME WAS ALLOWED FOR THE

EXTRACTION WELL TO ACHIEVE FULL RECOVERY BEFORE STARTING THE STEP TEST

THE STEP TEST WAS PERFORMED USING THREE STEPS EACH STEP WAS RUN UNTIL THE DEPTH TO WATER IN THE EXTRACTION

WELL REMAINED CONSTANT FLOW RATESRATE THE FREQUENCY HZ SETTING ON THE VARIABLE FREQUENCY DRIVE VFD IE THE

RELATIVE SPEED TO DRIVE THE MOTOR AND EQUILIBRATED DEPTH TO WATER LEVEL IN THE EXTRACTION WELL FOR EACH STEP ARE

SHOWN IN TABLE 2 DURING THISTHI STEP TEST ONE OF THE FLOW TOTALIZERSTOTALIZER BECAME STUCK WHICH SIGNIFICANTLY INCREASED

THE OPERATING HEAD ON THE PUMP THE FLOW OF WATER THROUGH THE PARTIALLY RESTRICTED TOTALIZER WAS AUDIBLE

PROBLEMSPROBLEM WERE ENCOUNTERED WHEN THE VFD WAS SET TO ITS MAXIMUM FREQUENCY OF 100 HZ AT THISTHI MAXIMUM

SETTING THE PUMP WOULD RUN FOR WHILE AND THEN KICK OFF WITH MOTOR OVERLOAD MESSAGE ON THE VFD THE

SAME PROBLEM WAS APPARENT AT 95 HZ SETTING ALTHOUGH THE PUMP RAN LONGER AT 90 HZ SETTING THE PUMP

RAN RELIABLY FOR ABOUT 90 MINUTESMINUTE OF TESTING BASED ON DISCUSSIONSDISCUSSION WITH THE MANUFACTURER IT WAS DECIDED TO RUN

THE PUMP AT AN 85 HZ SETTING FOR THE CONSTANT RATE TEST

EMF PUMPING TEST 101001
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TABLE 2 STEP TEST PARAMETERSPARAMETER

FLOW RATE FREQUENCY SELLING ON VFD HZ FINAL DEPTH TO WATER

20GPM 514 1120FF

30 GPM 696 1228 FT

40 GPM 904 1384

32 CONSTANT DISCHARGE TEST

AFTER ALLOWING ADEQUATE TIME FOR THE WATER LEVEL IN THE EXTRACTION WELL TO RECOVER TO PRETEST LEVELSLEVEL PREPARATIONSPREPARATION

WERE MADE TO START THE CONSTANT DISCHARGE TEST REVIEW OF THE STEP TEST DATA AS WELL AS THE PROBLEMSPROBLEM WITH THE

PUMP SHUTDOWN AT VFD SETTINGSSETTING ABOVE 90HZ DICTATED VFD SELLING OF 85 HZ THE FLOW METER READING AT THISTHI

SETTING WAS 42 GALLONSGALLON PER MINUTE GPM THISTHI FLOW METER READING WAS CALIBRATED WITH TWO TESTSTEST TO FILL 55

GALLON DRUM AND FOUND TO BE ABOUT 5 LOW AFTER CALIBRATION THE ACTUAL PUMPING RATE WAS DETERMINED TO BE

442 GPM

PRIOR TO STARTING THE TEST THE DATA LOGGERSLOGGER WERE REPROGRAMMED TO COLLECT PRESSURE MEASUREMENTSMEASUREMENT AT

APPROPRIATE INTERVALSINTERVAL TOTALIZER VALUESVALUE WERE RECORDED AND DEPTH TO WATER WAS MEASURED IN ALL FIVE WELLS THE

PUMP WAS STARTED FOR THE CONSTANT DISCHARGE TEST ON SEPTEMBER 12 AT 1024 AM FIFTY GALLONSGALLON OF WATER WERE

PUMPED INTO 55GALLON STEEL DRUM ON TIMED BASISBASI IN ORDER TO CALIBRATE THE FLOW METERS THISTHI PROCEDURE WAS

REPEATED JUST PRIOR TO SHUTTING OFF THE PUMP AT THE END OF THE TEST IN ADDITION TO THE DATA COLLECTED BY THE DATA

LOGGERSLOGGER THE DEPTH TO WATER WAS MEASURED BY HAND AT ALL FIVE WELLSWELL FLOW RATE AND TOTALIZER TOTALSTOTAL WERE RECORDED

AND CONTROLLER FREQUENCY WAS NOTED AT REGULAR INTERVALS THE HAND RECORDED DATA WERE COLLECTED AT TWO MINUTE

INTERVALSINTERVAL FOR THE FIRST TEN MINUTESMINUTE TEN MINUTE INTERVALSINTERVAL FOR THE NEXT TWENTY MINUTESMINUTE THIRTY MINUTE INTERVAL IN THE

EXTRACTION WELL AND THEN HOURLY UNTIL THE END OF THE TEST IN ALL OF THE WELLS

HANDMEASURED DEPTH TO WATER READINGSREADING COMPARED VERY CLOSELY TO THE READINGSREADING OBTAINED BY THE DATA LOGGERSLOGGER
IN WELLSWELL WF26 AND WF28 EXCEPTIONSEXCEPTION RANGING UP TO 015 FEET WERE NOTED IN WELLSWELL WF27 WF29 AND WF
35 THE CABLESCABLE LEADING FROM THE TRANSDUCERSTRANSDUCER IN THOSE WELLSWELL HAD THICK TEFLON OUTER SLEEVE MAKING THEM QUITE

STIFF THISTHI RESULTED IN SIGNIFICANT ARCH IN THE CABLE WHERE IT CAME UP OUT OF THE WELL RISER MAKING IT DIFFICULT TO

SECURELY FASTEN THE CABLE PREVENTING ANY MOVEMENT IN THE TRANSDUCER POSITION REVIEW OF THE DATA LOGGER

OUTPUT INDICATED THE POINT AT WHICH THE MOVEMENT OF THE TRANSDUCER OCCURRED AND THE NUMBERSNUMBER WERE ADJUSTED

ACCORDINGLY FROM THAT POINT UNTIL THE END OF THE TEST BASED ON THE HAND MEASURED DEPTH TO WATER READINGS

WATER QUALITY MEASUREMENTSMEASUREMENT WERE MADE WITH SAMPLESSAMPLE COLLECTED FROM THE SAMPLE PORT FEW HOURSHOUR AFTER THE

START OF THE CONSTANT DISCHARGE TEST AT 111 PM THESE MEASUREMENTSMEASUREMENT WERE MADE AFTER FIRST CALIBRATING THE PH

METER AND TOTAL DISSOLVED SOLIDSSOLID TDS METER USING STANDARDS WATER QUALITY MEASUREMENTSMEASUREMENT WERE MADE AGAIN

ON SEPTEMBER 13 AT 449 AM 645 AM AND 1000 AM WATER QUALITY MEASUREMENTSMEASUREMENT ARE SHOWN IN TABLE 3

DURING THE FIRST AND FOURTH WATER QUALITY PARAMETER SAMPLING SAMPLESSAMPLE WERE ALSO COLLECTED AND SENT TO ARI

LABORATORIESLABORATORIE AND ANALYZED FOR VOCSVOC ANIONSANION AND CATIONS RESULTSRESULT FROM THESE ANALYSESANALYSE ARE SHOWN IN TABLE 4
VOLATILE ORGANIC SAMPLESSAMPLE WERE COLLECTED BY FILLING TWO 40MI VIALSVIAL FROM THE SAMPLE PORT ANION AND CATION

SAMPLESSAMPLE WERE COLLECTED BY FILLING 250MI BOTTLE FROM THE SAMPLE PORT SAMPLE COLLECTION HANDLING SHIPPING

AND ANALYSESANALYSE WERE ACCOMPLISHED IN ACCORDANCE WITH THE PROJECT QUALITY ASSURANCE PLAN
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TABLE 3 WATER QUALITY PARAMETERSPARAMETER

DATETIME TEMPERATURE TDS MGI PH

SEPTEMBER 12 2001 111 PM 16 300 687

SEPTEMBER 13 2001 449 AM 14 300 695

SEPTEMBER 13 2001 645 AM 14 310 685

SEPTEMBER 13 2001 1000 AM 15 300 690

TABLE 4 ANALYTICAL RESULTSRESULT

SEPTEMBER 12 2001 111 PM SEPTEMBER 13 2001 1000 AM
ANALYTE SAMPLING SAMPLING

VINYL CHLORIDE 260 UGL 320 UGIL

11 DICHLOROETHENE 12 UGL 12 UGL

TRANSTRAN 12 DICHLOROETHENE 37 UGIL 38 UGL

CIS 12 DICHLOROETHENE 1300 UGL 1300 UGL

TRICHLOROETHENE UGL UGL

2BUTANONE 98 UGL 93 UGIL

BROMIDE 01 MGL 01 MGL

FLUORIDE 01 MGIL 01 MGL

CHLORIDE 187 MGL 195 MGL

SULFATE 22MGL 17MGL

BARIUM 0013 MGL 0012 MGL

CALCIUM 308 MGL 31 3 MGIL

IRON 209 MGL 216 MGIL

MAGNESIUM 144 MGL 149 MGL

POTASSIUM 54 MGL 55 MGL

EVALUATION OF THE DATA IN TABLE AND TABLE INDICATESINDICATE THAT THERE WAS NO SIGNIFICANT LEAKAGE OF WATER FROM

OTHER AQUIFER ZONESZONE WITH DIFFERENT WATER CHEMISTRY DURING THE TIME PERIOD TESTED THE DIFFERENCE IN

TEMPERATURESTEMPERATURE WAS LIKELY CAUSED BY THE DIFFERENCE IN TEMPERATURE OF THE CONTAINER IN WHICH THE SAMPLE WAS

PLACED

FLOW RATE DECREASED SLIGHTLY PERHAPSPERHAP 05 GALLONSGALLON PER MINUTE DURING THE SECOND HALF OF THE TEST DUE TO

ADDITIONAL HEAD LOSSLOS FROM THE ADDITIONAL PIPING REQUIRED TO REACH THE TWO BAKER TANKSTANK THAT WERE ABOUT 100 FEET

FURTHER AWAY

THE PUMP WAS TURNED OFF AT 1030 AM ON SEPTEMBER 13 2001 FINAL TOTALIZER VALUESVALUE WERE RECORDED AT THAT

TIME DURING THE CONSTANT DISCHARGE TEST APPROXIMATELY 64000 GALLONSGALLON OF WATER WERE PUMPED INTO THE BAKER

TANKS
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33 RECOVERY TEST

JUST PRIOR TO TURNING OFF THE PUMP AT THE END OF THE CONSTANT DISCHARGE TEST THE DATA LOGGERSLOGGER WERE

REPROGRAMMED FOR THE RECOVERY TEST AS SOON AS THE PUMP WAS TURNED OFT DATA COLLECTED BY THE DATA LOGGERSLOGGER

WAS AUGMENTED WITH ONE ROUND OF MANUAL DEPTH TO WATER MEASUREMENTSMEASUREMENT TAKEN IN ALL FIVE WELLS DATA

CONTINUED TO BE COLLECTED FOR TWENTY FOUR HOURSHOUR AFTER PUMP SHUTDOWN

AT THE END OF THE RECOVERY TEST ALL DATA WAS DOWNLOADED FROM THE DATA LOGGERSLOGGER EQUIPMENT AND PIPING WAS

DISASSEMBLED AND THE SITE WAS CLEANED UP

40 DATA REDUCTION AND ANALYSISANALYSI

THISTHI SECTION SUMMARIZESSUMMARIZE THE RESULTSRESULT OF THE STEPDRAWDOWN TEST CONSTANT RATE PUMPING TEST AND THE RECOVERY

TEST THESE TESTSTEST WERE CONDUCTED TO DETERMINE HYDRAULIC PROPERTIESPROPERTIE OF THE AQUIFER AT THE WEST SIDE OF NORTH

BOEING FIELD WHERE THE PLUME FROM THE EMF SITE IS LOCATED THE BASIC MODEL FOR DATA ANALYSISANALYSI OF THE PUMPING

TEST RESULTSRESULT IS BASED ON SOLUTION OF THE TRANSIENT GROUNDWATER FLOW EQUATION IN CYLINDRICAL COORDINATESCOORDINATE GIVEN

SOME BOUNDARY AND INITIAL CONDITIONS STEADY STATE SOLUTION TO THE LAPLACE EQUATION IS THE TTIIEM EQUATION

FOR THE NONSTEADY STATE IE TRANSIENT FLOW CONDITIONSCONDITION THE MOST COMMON SOLUTIONSSOLUTION ARE THE THEISTHEI AND THE

JACOB METHODSMETHOD BOTH OF WHICH ASSUME CONSTANT PUMPING RATESRATE FOR THE DURATION OF THE TEST MODIFICATIONSMODIFICATION TO

THESE BASIC METHODSMETHOD HAVE BEEN DEVELOPED TO ACCOUNT FOR LEAKAGE FROM OTHER WATER BEARING ZONESZONE HANTUSH

JACOB METHOD

41 BASIC ASSUMPTIONSASSUMPTION FOR PUMPING TEST EQUATIONSDATA ANALYSISANALYSI

IN ORDER FOR THE AQUIFER PUMPING TEST EQUATIONSEQUATION AND CORRESPONDING DATA ANALYSISANALYSI TO BE VALID CERTAIN

ASSUMPTIONSASSUMPTION MUST BE MADE ABOUT THE AQUIFER AND THE EXTRACTION AND OBSERVATION WELLS THE FOLLOWING GENERAL

ASSUMPTIONSASSUMPTION ARE MADE FOR THE BASIC EQUATIONSEQUATION USED FOR ANALYSISANALYSI OF THE PUMPING TEST RESULTSRESULT

THE AQUIFER HAS SEEMINGLY INFINITE AREAL EXTENT

THE AQUIFER IS HOMOGENEOUSHOMOGENEOU ISOTROPIC AND OF UNIFORM THICKNESSTHICKNES OVER THE AREA INFLUENCED BY THE

PUMPING TEST

PRIOR TO PUMPING THE POTENTIOMETNC SURFACE IS NEARLY HORIZONTAL OVER THE AREA INFLUENCED BY THE

PUMPING TEST

THE AQUIFER IS PUMPED AT CONSTANT DISCHARGE RATE

THE PUMPED WELL
FULLY PENETRATESPENETRATE THE ENTIRE THICKNESSTHICKNES OF THE AQUIFER AND IS FULLY SCREENED THUSTHU

RECEIVING WATER FROM THE ENTIRE THICKNESSTHICKNES OF THE AQUIFER BY HORIZONTAL FLOW

FLOW TOWARDSTOWARD THE WELL IS RADIAL IE EQUIPOTENTIAL SURFACESSURFACE ARE PLANE CONCENTRIC CYLINDERSCYLINDER AROUND THE

WELL

DARCYSDARCY EQUATION IS APPLICABLE IE LAMINAR FLOW CONDITIONSCONDITION EXIST IN THE AQUIFER

THE PUMPED WELL IS 100 PERCENT EFFICIENT IE THERE ARE NO WELL LOSSES

TRANSMISSIVITY AND STORAGE COEFFICIENTSCOEFFICIENT REMAIN CONSTANT WITH TIME
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THE
FOLLOWING ADDITIONAL ASSUMPTIONSASSUMPTION ARE REQUIRED FOR THE THEISTHEI SOLUTION TO THE TRANSIENT GROUNDWATER FLOW

EQUATION

THE AQUIFER IS CONFINED

THE FLOW TO THE WELL IS IN UNSTEADY TRANSIENT STATE IE THE DRAWDOWN DIFFERENCESDIFFERENCE WITH TIME ARE NOT
NEGLIGIBLE NOR IS THE HYDRAULIC GRADIENT CONSTANT WITH TIME OR DISTANCE

THE WATER REMOVED FROM
STORAGE IS DISCHARGED INSTANTANEOUSLY WITH DECLINE OF HEAD

THE DIAMETER OF THE PUMPED WELL IS
VERY SMALL IE INSIGNIFICANT THUSTHU THE STORAGE IN THE WELL BORE CAN

BE NEGLECTED

THE FORMATION RECEIVESRECEIVE NO RECHARGE FROM ANY SOURCE

THE FOLLOWING ADDITIONAL ASSUMPTIONSASSUMPTION ARE REQUIRED FOR THE JACOB SOLUTION TO THE TRANSIENT GROUNDWATER FLOW

EQUATION

THE SAME CONDITIONSCONDITION ARE ASSUMED THAT APPLY TO THE THEISTHEI METHOD

THE VALUESVALUE OF IS THE WELL FUNCTION WUOF THE THEISTHEI METHOD ARE SMALL 001 THE RADIAL
DISTANCE FROM THE PUMPING WELL TO THE POINT OF CONCERN IS SMALL AND THE TIME SINCE PUMPING
STARTED IS LARGE THEREFORE LATER TIME HYDRAULIC RESPONSE DATA ARE USED IN THE ANALYSIS

IN PRACTICE NOT ALL OF THESE ASSUMPTIONSASSUMPTION ARE FULLY MET FOR MOST PUMPING TESTS CAREFUL
ANALYSISANALYSI OF THE DATA AND

JUDICIOUSJUDICIOU SELECTION OF CURVE FILLING SECTIONSSECTION HOWEVER ALLOW FOR REASONABLE PARAMETER ESTIMATESESTIMATE EVEN IN CASESCASE
WHERE SOME OF THE ASSUMPTIONSASSUMPTION ARE NOT MET THE MOST IMPORTANT ASSUMPTIONSASSUMPTION TO BE AWARE OF IN THE DATA
ANALYSISANALYSI ARE THE POTENTIAL FOR LEAKAGE OR BOUNDARY EFFECTSEFFECT AND SELECTING AN APPROPRIATE STRAIGHT LINE SECTION FOR
THE JACOB ANALYSISANALYSI METHOD FOR THE PURPOSESPURPOSE OF THISTHI AQUIFER TEST DATA ANALYSISANALYSI AND PROJECT OBJECTIVESOBJECTIVE THE
ASSUMPTIONSASSUMPTION ARE MET IN AN APPROXIMATE MANNER ALTHOUGH NOT FULLY AND PARAMETER ESTIMATESESTIMATE DERIVED ARE
BELIEVED TO BE REPRESENTATIVE OF THE ACTUAL AQUIFER CONDITIONS THE AQUIFER WAS ASSUMED TO HAVE UNIFORM
THICKNESSTHICKNES OF 35 FEET FOR THE DATA ANALYSIS

42 VALIDITY OF TESTSTEST

WATER LEVEL TRENDSTREND PRECIPITATION RECORDSRECORD AND BAROMETRIC PRESSURE CHANGESCHANGE WERE COLLECTED BEFORE DURING AND
AFTER THE AQUIFER TESTS THERE WAS NO PRECIPITATION WITHIN THE 24 HOURSHOUR BEFORE DURING THE PUMPING TEST OR

DURING THE
RECOVERY PERIOD APPENDIX CONTAINSCONTAIN RECORDSRECORD COLLECTED BEFORE DURING AND AFTER THE TESTS TABLE

LISTSLIST THE WATER LEVEL AT EACH WELL JUST BEFORE 091001 AT 1230 AND AT THE COMPLETION OF THE AQUIFER TESTSTEST
091401 AT 1016 THE DEPTH TO WATER FOR WELLSWELL WF26 WF27 AND WF28 SHOWSSHOW NO SIGNIFICANT CHANGETHE FURTHEST WELL WF29 HAD NOT QUITE RECOVERED TO THE INITIAL VALUE FOR DEPTH TO WATER THE DEPTH OF THE
TRANSDUCER AT THE PUMPING WELL WF35 AND WF29 MOVED SLIGHTLY DURING THE TEST SEE SECTION 32 THE
BAROMETRIC PRESSURE DURING THE PUMPING TEST RANGED FROM 2992 TO 3007 INCHESINCHE OF

MERCURY HG THE TEST

BEGAN AND ENDED AT 3003 INCHESINCHE OF HG THE CHANGE IN BAROMETRIC PRESSURE DURING THE TEST IS NOT CONSIDERED
SIGNFFICANT TO IMPACT THE CALCULATIONSCALCULATION OF THE AQUIFER PROPERTIESPROPERTIE SEE FIGURE 3
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THE JACOB STRAIGHTLINE METHOD IS APPLICABLE ONLY WHEN STEADYSHAPE CONDITIONSCONDITION ARE MET AT THE OBSERVATION

WELL IE IN THE WELL FUNCTION WU IS SMALL STEADYSHAPE CONDITIONSCONDITION PREVAIL AT WELL WHEN THE CONEOF

DEPRESSION AT THAT LOCATION MAINTAINSMAINTAIN STEADY SHAPESSHAPE ALTHOUGH ADDITIONAL DRAWDOWN MAY STILL BE OCCURRING

FOR STEADYSHAPE CONDITIONSCONDITION THE JACOB STRAIGHTLINE METHOD CAN BE APPLIED IF THE DRAWDOWN DATA COLLECTED

DURING THISTHI TIME INTERVAL OF HYDRAULIC RESPONSE ARE PLOTTED ON SEMILOGANTHIC GRAPH THE DATA POINTSPOINT SHOULD

DEFINE STRAIGHT LINE THISTHI SIMPLIFIESSIMPLIFIE CALCUATION OF THE AQUIFERSAQUIFER HYDROGEOLOGIC PROPERTIES TO ESTIMATE WHEN

STEADYSHAPE CONDITIONSCONDITION HAVE ARRIVED AT EACH OBSERVATION WELL THE WELL FUNCTION IS SET EQUAL TO 01

SUBSTITUTING VALUESVALUE OF 0002 DIMENSIONLESSDIMENSIONLES FOR STORAGE COEFFICIENT AND 661 FT2MIN FOR TRANSMISSIVITY

DERIVED FROM THE HANTUSHJACOB ANALYSISANALYSI OF WELL WF27 EQ REDUCESREDUCE TO EQ WHERE R1 IS THE DISTANCE

FROM THE PUMPING WELL IN FEET AND IS THE TIME TO STEADYSHAPE IN MINUTES

UR12S4TT EQ

TMIN 0000756 R12 EQ

TABLE LISTSLIST CALCULATED TIMESTIME WHEN STEADYSHAPE WAS EXPECTED TO HAVE ARRIVED AT EACH OBSERVATION WELL

STEADYSHAPE WAS REACHED EARLY ENOUGH TO ALLOW THE JACOB STRAIGHTLINE METHOD TO ESTIMATE AQUIFER

PARAMETERS

TABLE 5 VALIDITY OF MEASUREMENTSMEASUREMENT

FINAL

DISTANCE TO INITIAL DEPTH TO TIME TO DURATION OF DRAWDOWN IN

PUMPING WELL DEPTH TO WATER FT STEADY PUMPING FEET AFTER 24

FEET AND WATER 24 HOUR SHAPE TEST HOURSHOUR OF

WELL DIRECTION FEET RECOVERY MINUTESMINUTE MINUTESMINUTE PUMPING

WF35 NA 1567 1454 NA 1446 40

WF27 29 NORTH 1402 1403 1446 048

WF26 92 SOUTH 955 954 1446 037

WF28 174 NORTH 705 702 23 1446 030

WF29 259 WEST 1537 1544 51 1446 021

NOTESNOTE TRANSDUCER MOVED DURING TEST NA NOT APPLICABLE
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43 STEPDRAWDOWN TEST

THE RESULTSRESULT OF THE STEPDRAWDOWN TEST WERE USED TO DETERMINE THE PUMPING RATE FOR THE CONSTANT RATE TEST THE

MAXIMUM PUMPING RATE THAT COULD BE SUSTAINED WAS AT FLOW METER READING OF 42 GALLONSGALLON PER MINUTE THE

FLOW METER WAS CALIBRATED BY PUMPING TO 55 GALLON DRUM AND THE ACTUAL PUMPING RATE FOR THE CONSTANT RATE

TEST WAS MEASURED AT 442 GALLONSGALLON PER MINUTE

THE DRAWDOWN MEASUREMENTSMEASUREMENT FROM THE STEP DRAWDOWN TEST ARE SHOWN IN FIGURE 4 THE THREE PUMPING RATE

STEPSSTEP TESTED WERE 20 30 AND 40 GPM THE LAST STEP AT 50 GPM FAILED BECAUSE THE PUMPED STOPPED THE DATA

FOR EACH OF THE STEPSSTEP IS PRESENTED IN FIGURE 5 THISTHI FIGURE ILLUSTRATESILLUSTRATE THAT THE WELL INDICATESINDICATE NONLINEAR

QUADRATIC INCREASE IN DRAWDOWN WITH INCREASED PUMPING THE SPECIFIC CAPACITY YIELDDRAWDOWN OF THE WELL

DECREASED BY 30 AS THE PUMPING RATE INCREASED FROM 20 TO 40 GPM THISTHI NONLINEAR RESPONSE PROBABLY

RESULTSRESULT BECAUSE THE WELL IS NOT 100 EFFICIENT AND IS NOT
FULLY PENETRATING

44 CONSTANTRATE PUMPING TEST

THE CONSTANT RATE PUMPING TEST BEGAN ON SEPTEMBER 12 2001 AT 1024 AM AND WAS COMPLETED ON

SEPTEMBER 13 2001 AT 1030 AM SEE APPENDIX FOR THE DATESDATE TIMESTIME AND WATER LEVELSLEVEL RECORDED BY THE

DATA LOGGER

THERE ARE SEVERAL GRAPHICALSOLUTION METHODSMETHOD TO DETERMINE AQUIFER CONDUCTIVITY FROM PUMPING TEST DATA THE

COOPERJACOB HANTUSHJACOB NEUMAN AND THEISTHEI CURVESCURVE WERE REVIEWED FOR APPLICABILITY FOR THISTHI PUMPING
TEST THE SOFTWARE PRODUCT AQUIFERLEST BY WATERLOO HYDROGEOLOGIC WAS USE TO MATCH THE PUMPING TEST DATA

ONTO THE APPROPRIATE CURVE TO DETERMINE TRANSMISSIVITY AND STORATIVITY S THE HYDRAULIC CONDUCTIVITY WAS

SUBSEQUENTLY CALCULATED FROM THE TRANSMISSIVITY USING AN AQUIFER THICKNESSTHICKNES OF 35 FT ADDITIONAL CALCULATIONSCALCULATION IN
AN EXCEL SPREADSHEET WERE USED TO CALCULATE THE DISTANCEDRAWDOWN ANALYSISANALYSI AND TO CROSSCROS CHECK THE RESULTSRESULT

FROM THE AQUIFERTEST SOFTWARE PACKAGE

THE FIRST ESTIMATE OF THE AQUIFER CONDUCTIVITY WAS OBTAINED USING THE COOPERJACOB DISTANCEDRAWDOWN

METHOD SEE FIGURESFIGURE AND 7 CONDUCTIVITY OF 278 FTDAY WAS CALCULATED FROM THE DRAWDOWN RESULTSRESULT AT 12

HOURSHOUR AND VALUE OF 329 FTDAY WAS CALCULATED FROM THE RESULTSRESULT AT 24 HOURS NOTE THE HIGH CORRELATION

R2097 AND 098 OF THE FOUR DATA POINTSPOINT FOR THE REGRESSION ANALYSESANALYSE AT BOTH TIMESTIME OF 12 AND 24 HOURS

THE DATA IN FIGURESFIGURE AND INCLUDE THE RESPONSE DATA FROM OBSERVATION WELLSWELL IN THE NORTH SOUTH AND WEST

DIRECTIONSDIRECTION FROM THE EXTRACTION WELL THE DATA FROM THE EXTRACTION WELL WF35 ARE NOT INCLUDED IN THE

REGRESSION AND DO NOT FIT THE REGRESSION LINE BECAUSE THE RESPONSE OF THE EXTRACTION WELL IS AFFECTED BY PARTIAL

PENETRATION OF THE WELL AND WELL INEFFICIENCIESINEFFICIENCIE THESE TWO FACTORSFACTOR INDUCE ADDITIONAL DRAWDOWRI AT THE EXTRACTION

WELL AS OBSERVED AND THE TOTAL DRAWDOWN IS NOT REPRESENTATIVE OF THE AQUIFER RESPONSE AT THE EXTRACTION WELL

THE HIGH DEGREE OF CORRELATION USING DATA FROM DIFFERENT DIRECTIONSDIRECTION INDICATESINDICATE LITTLE ANISOTROPIC EFFECTSEFFECT IN THE

HORIZONTAL PLANE THE REASONABLY CLOSE FIT OF DATA POINTSPOINT TO THE REGRESSION LINE SUGGESTSSUGGEST THAT THE HYDRAULIC

RESPONSE OF THE AQUIFER IN THE IMMEDIATE AREA IS NOT SIGNIFICANTLY AFFECTED BY THE SCALE OF HETEROGENITIESHETEROGENITIE THAT

MAY BE PRESENT IT APPEARSAPPEAR AS NEARLY HOMOGENEOUSHOMOGENEOU HYDRAULIC RESPONSE
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FIGURE 4 STEP TEST DRAWDOWN RESULTSRESULT

10 15 20

00

05

T015
25

3540
45

50

TIME IN MINUTESMINUTE

10

FIGURE 5 DATA ANALYSISANALYSI OF STEP TEST RESULTSRESULT

PUMPING RATE GPM
20 30 40

05

15

25

35

45

17

15

C

11

CL

00015Q2 003650

R2 09999

DRAWDOWN IN FT

SPECIFIC CAPACITY GPMLFT

14

KCSIIP4 44055



FIGURE 6 DISTANCEDRAWDOWN ANALYSISANALYSI AT 12 HOURSHOUR
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GRAPHSGRAPH OF THE SOLUTIONSSOLUTION USING COOPERJACOB TIMEDRAWDOWN HANTUSHJACOB NEUMAN AND THEISTHEI CURVESCURVE ARE

PRESENTED IN APPENDIX B THE RESULTSRESULT OF THESE ANALYSESANALYSE ARE LISTED IN TABLE ALONG WITH THE AQUIFER CONDITIONSCONDITION

THAT DEFINE EACH METHOD WELL WF27 WAS THE FIRST WELL ANALYZED AND ALL FOUR GRAPHICAL SOLUTIONSSOLUTION WERE APPLIED

TO DRAWDOWN DATA FROM THISTHI WELL FOR THISTHI SINGLE WELL TWO OF THE DATA ANALYSISANALYSI METHODSMETHOD THE HANTUSHJACOB

METHOD AND THE NEUMAN METHOD DO NOT FIT ANY OF THE MATCHING CURVESCURVE WELL WHEN FORCED TO MATCH TYPE

CURVE THESE TWO METHODSMETHOD PROVIDE ESTIMATESESTIMATE OF HYDRAULIC CONDUCTIVITY THAT ARE ABOUT 20 OF ALL THE OTHER

ESTIMATESESTIMATE FACTOR OF LOWER WE WERE UNABLE TO FIND
ANY REASON WHY THESE PARAMETER ESTIMATESESTIMATE ARE SO

MUCH DIFFERENT THE RECOVERY
DATA FROM THISTHI WELL AS WELL AS THE CORRESPONDING ESTIMATED HYDRAULIC

CONDUCTIVITY ARE CONSISTENT WITH THE OTHER ESTIMATES

IN AN ATTEMPT IDENTIFY POSSIBLE ERRORSERROR IN THE DATA OR THE DATA ANALYSISANALYSI METHODSMETHOD USED THE THEISTHEI DRAWDOWN

EQUATION WAS USED TO CALCULATE THE EXPECTED DRAWDOWN USING THE FOLLOWING PARAMETERSPARAMETER PUMPING RATE EQUAL TO

442 GPM CONDUCFLVITY EQUAL TO 354 FTDAY AQUIFER THICKNESSTHICKNES EQUAL TO 35 FT STORAGE COEFFICIENT EQUAL TO 0002

AND RADIAL DISTANCE TO THE EXTRACTION WELL EQUAL TO 29 FEET THE RESULTSRESULT OF THESE CALCULATIONSCALCULATION ARE PRESENTED IN

FIGURE WHICH SHOW REASONABLE FIT TO THE MEASURED DRAWDOWN FROM ABOUT MINUTESMINUTE TO 1330 MINUTESMINUTE OF THE

PUMPING TEST BASED ON THISTHI EVALUATION OF THESE TWO SUSPECT PARAMETER ESTIMATESESTIMATE THEY ARE DEEMED UNRELIABLE

AND ARE NOT CONSIDERED FURTHER

AFTER REVIEWING THE RESULTSRESULT FOR THE OTHER WELLSWELL IT WAS DECIDED THAT THE COOPERJACOB TIMEDRAWDOWN AND THE

HANTUSHJACOB METHODSMETHOD BEST DEFINE THE CONDITIONSCONDITION OF THE AQUIFER THE DRAWDOWN DATA FROM THE OTHER THREE

WELLSWELL WERE EVALUATED USING JUST THE COOPERJACOB TIMEDRAWDOWN AND HANTUSHJACOB GRAPHICAL SOLUTIONS

TABLE 6 GRAPHICAL SOLUTIONSSOLUTION FOR TRANSMISSIVITY CONDUCTIVITY AND STORAGE COEFFICIENT

DISTANCE TO DISTANCE HANTUSH COOPER THEISTHEI NEUMAN

PUMPING DRAWDOWN JACOB JACOB

WELL FT
WELL

CONDITIONSCONDITION CONFINED CONFINED CONFINED CONFINED UNCONFINED

LEAKY SMALL LARGE

TIME

WF35 NA NA NA NA NA

WF27 29 K78 FTDAY K425 FTDAY K27OFTLDAY K4FTDAY
278 FTDAY T66FT2MIN 7LFT2MIN T66FT2MIN T2LFT2MIN
0015 SOOOO6 SOOOO4

12 HOURSHOUR

WF26 92 K533FTDAY K433FTDAY NP NP
T13FT2MIN 111 FT2MIN

S00014 600022

WF28 174 329 FTDAY K443FTIDAY K482F1DAY NP NP
S0008 TLLFT2MIN T12FT2MIN
24 HOURSHOUR SOOO22 600020

WF29 259 K540 FTDAY K425FTDAY NP NP

T13 FT2LMIN 10 FT2FMIN

S0003 S0007

NOTESNOTE NA NOT APPLICABLE NP NOT PERFORMED IS HYDRAULIC CONDUCTIVITY IS TRANSMISSIVITY IS STORAGE

COEFFICIENT DIMENSIONLESSDIMENSIONLES

EMF PUMPING TEST 16 101001

KCSIIP4 44057



TIME MINUTESMINUTE
500 1000 1500

02

06

TIME MINUTESMINUTE
100

CALCULATED DRAWDOWN USING THEISI

01 EQUATION
MEASURED DRAWDOWN

02

03
04

05

442 GPM K354 FTLDAY RADIAL DISTANCE 29 FT AQUIFER THICKNESSTHICKNES 35 FT

STORAGE COEFFICIENT 0002

17

FIGURE 8 COMPARISON OF THEISTHEI DRAWDOWN EQUATION

WITH MEASURED VALUESVALUE FOR WF27

01

10 1000 10000

06

KCSIIP4 44058



45 RECOVERY TEST

AFTER THE PUMP WAS SHUT DOWN AT THE COMPLETION OF THE CONSTANTRATE PUMPING TEST THE DATA LOGGERSLOGGER RECORDED

THE RISE IN WATER LEVELSLEVEL AT ALL WELLS THISTHI RISE IN WATER LEVELSLEVEL IS KNOWN AS RESIDUAL DRAWDOWN ON GRAPHS

ANALYSISANALYSI OF THE RESIDUAL DRAWDOWN ALLOWSALLOW FOR AN INDEPENDENT CHECK ON THE RESULTSRESULT OF THE PUMPING TEST

THE RECOVERY TEST BEGAN ON SEPTEMBER 13 2001 AT 1029 AM AND WAS COMPLETED ON SEPTEMBER 14 2001 AT

1012 AM SEE APPENDIX FOR THE DATESDATE TIMESTIME AND WATER LEVELSLEVEL RECORDED BY THE DATA LOGGERS AGAIN THE

SOFTWARE PACKAGE AQUIFERTEST WAS USED TO CALCULATE TRANSMISSIVITY THE PROCESSPROCES CONSTITUTED FITTING STRAIGHT

LINE TO THE MEASURED DATA AND THE SOFTWARE CALCULATESCALCULATE THE CORRESPONDING TRANSMISSIVITY THE ASSUMPTIONSASSUMPTION FOR

THE RECOVERY ANALYSISANALYSI TO BE VALID ARE THE SAME AS THE DRAWDOWN TEST THE RESULTSRESULT OF THE GRAPHICAL SOLUTION FOR

THE RECOVERY DATA USING THE THEISTHEI RECOVERY GRAPH ARE LISTED IN TABLE 7 THE FIRST ESTIMATE OF THE TRANSMISSIVITY

WAS OBTAINED USING FIGURE 9 THISTHI FIGURE CONTAINSCONTAIN THE RECOVERY DATA FROM ALL OF THE WELLSWELL AND TYPICAL LINE

WAS FITTED TO THE DATA MORE DETAILED CALCULATION OF THE TRANSMISSIVITY BASED ON THE RESIDUAL DRAWDOWN AT

EACH INDIVIDUAL WELL WAS THEN COMPLETED THE GRAPHSGRAPH ARE CONTAINED IN APPENDIX AND THE RESULTSRESULT ARE LISTED

IN TABLE 7 THESE RESULTSRESULT AGREE WELL WITH THE RESULTSRESULT FROM THE CONSTANT RATE PUMPING TEST THAT ARE LISTED IN

TABLE 6

EACH OF THE RECOVERY TEST DATA PLOTSPLOT INDICATESINDICATE THAT THE INTERSECTION OF THE ZERO RESIDUAL DRAWDOWN OCCURSOCCUR AT

UT RATIO THAT IS NOT EQUAL TO THE RATIO OF TTL TYPICALLY THE INTERSECTION IS AROUND 25 TO ON THE TLT AXES

THISTHI RESULT IS AN INDICATION OF RECHARGE TO THE AQUIFER DURING THE TEST BASED ON THE UNDERSTANDING OF THE SITE

CONDITIONSCONDITION IT IS EXPECTED THAT THE RECHARGE IS DERIVED FROM LEAKAGE FROM OVERLYINGUNDERLYING LOWER

PERMEABILITY ZONES

TABLE 7 GRAPHICAL SOLUTIONSSOLUTION FOR CONDUCTIVITY USING RECOVERY TEST DATA

WELL NAME HYDRAULIC CONDUCTIVITY FTLDAY

WF35 372

WF26 396

WF27 325

WF28 383

WF29 416

GRAPH USING DATA FROM ALL WELLSWELL 396

EMF PUMPING TEST 18 101001
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IF

396 FTDAY

FIGURE 9 GRAPH OF RECOVERY TEST DATA FROM ALL WELLSWELL

19

10

0068

RECOVERY TEST THEISTHEI RECOVERY
TI1

100 1000

0176
CI 0264

0352
044

RECOVERY VVF27

RECOVERY AW29 RECOVERY VW26 RECOVERY WF26 RECOVERY WF35

IRANSMISSIVITY 961 E0 1MINCONDUCTIVITY 275E1 ITMM



50 CONCLUSIONSCONCLUSION

THE DATA ANALYSISANALYSI OF THE AQUIFERSAQUIFER HYDRAULIC RESPONSE PROVIDESPROVIDE ESTIMATESESTIMATE OF THE HYDRAULIC CONDUCTIVITY WITH

MEAN VALUE OF 402 FTDAY OF THE ESTIMATESESTIMATE DEEMED RELIABLE AND STANDARD DEVIATION OF 78 FTDAY THE

OBSERVED HYDRAULIC RESPONSE OF THE AQUIFER IS CONSISTENT WITH THE EXPECTED RESPONSE AS LEAKY CONFINED

AQUIFER BASED ON THE THESE DATA THE HYDRAULIC CONDUCTIVITY OF THE AQUIFER IS EXPECTED TO BE APPROXIMATELY 400

FTDAY 14 101 CMSEC

THE WATER QUALITY PARAMETERSPARAMETER TESTED DURING THE AQUIFER PUMPING TEST REMAINED RELATIVELY UNCHANGED OVER THE

24 HOUR PUMPING PERIOD THE RESULTSRESULT ARE VERY
SIMILAR TO PRIOR DATA COLLECTED IN THE IMMEDIATE AREA THE WATER

CONTAINSCONTAIN HIGH LEVELSLEVEL OF IRON PRESUMABLE DISSOLVED IRON BECAUSE THE WATER WAS CLEAR ON PUMPING BUT
ORANGE

AFTER AERATION AND STORAGE SO THE REDOX CONDITIONSCONDITION OF THE AQUIFER ARE EXPECTED TO BE STRONGLY REDUCING

LEAKAGE RESPONSE APPEARSAPPEAR TO HAVE BEEN OBSERVED IN THE EXTRACTION WELL THISTHI CONCLUSION IS BASED ON THE

SHAPEINFLECTIONSSHAPEINFLECTION OF THE TIME VS DRAWDOWN CURVE AND THE TIME RATIO UT INTERCEPT OF THE ZERO RESIDUAL

DRAWDOWN IN THE RECOVERY TEST HOWEVER VERY LITTLE CHANGE IN THE VOC LEVELSLEVEL WERE OBSERVED FOR THE TWO

SAMPLESSAMPLE COLLECTED EARLY AND LATE IN THE TEST MODEST INCREASE IN VINYL CHLORIDE WAS MEASURED APPROXIMATELY

23 INCREASE BUT MOST OTHER PARAMETERSPARAMETER REMAINED ABOUT THE SAME VOCSVOC CATION AND ANIONS

GIVEN THAT THE VOC PLUME IS HIGHLY STRATIFIED AND THAT ALL SAMPLESSAMPLE FROM ABOUT 20 TO 30 FEET BGS ARE NEAR

DETECTION LIMITSLIMIT FOR VOCSVOC THE LACK OF ANY DILUTION FROM THE OVERLYING ZONE OF CLEAN WATER IS AN INDICATION THAT

THE LEAKAGE PROBABLY COMESCOME FROM THE LOWER ZONE RATHER THAN THE
UPPER ZONE THE OBSERVED INCREASE IN VINYL

CHLORIDE IS CONSISTENT WITH THISTHI INTERPRETATION BECAUSE THE DEEPER GEOPROBE SAMPLESSAMPLE FROM THE AREA HAD

INCREASED VINYL CHLONDE LEVELS

EMF PUMPING TEST 20 101001
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C
CD

TRANSMIUIVITY 05E1 RMINCONDUCTIVITY 301 E1 FTLMIN

STORATIVITY 21 7E3

EMF PLUME AQUIFER PUMPING TEST COOPERJACOB TIMEDRAWDOWN
TIME

10 100

006
012 1

03 WF26



EMF PLUME AQUIFER PUMPING TEST HANTUSHJECOB

CD
CO

WF26

EI EO EI E2 E3 E4 E5 E6 E7

EI EO EI E2 E3

IA

IE4

TRANMISIVITY 30E1 RAMINCONDUCTIVITY 370E1 ITMM

E5 E5

TORDTIVITY 1 43E 3G54E6 MM



RANMISSIVITY 1 03E FTZMINCONDUCTIVITY 295E1 ILMM
EMF PLUME AQUIFER PUMPING TEST COOPERJSCOB TIMEDRWDOWN

TIME

10 100 1000

W27

0104
0206

0312
0416

052

C
CD

CD



EMF PLUME AQUIFER PUMPING TEST NEUMEN

C
CD

ED
EI

E2

EOEIIE2
EI

ILI

IEI IE2 IE3 IE4 IE5 IE6 IE7

W27

E3

EI EO E1 E2 E3 E4 E5 E6

TRANMIVITY 250EO FTMINCONDUCTIVITY 71 5E2 FTMM



CD

CONDUCTIVITY 542E2 FTLMIN

11LJ I

EMF PLUME AQUIFER PUMPING TEST HNTUSHJECOB
IAI

E1 EO EI E2 E3 E4LJ TVIE2
IEI

EO
EI

E2
E3

IE5 IE6 IE7

W27

1

IEI
IEO

IEI
IE2

IE3

IEI IEO IE1

III

IE2 IE3 IE4 IE5 IE6



C
CD

C

EMF PLUME AQUIFER PUMPING TEST COOPERJACOB TIMEDRAWDOWN
TIME

01 I1II 1111 1II1IIIII11IIILZIZI
W20TRANMIIVILY 11 7E1 FTMIN STORATIVITY 202E3CONDUCTIVITY 335E1 ITMM



EMF PLUME AQUIFER PUMPING TEST HANTUSHJCOB

C

EO E1 IE2

1TI
E3E1

E2
EI1EO

IEI
E2

E3

1E4 IES IE6 E7

C

IEO IEI IE2 IE3 IE4 IE5 IE6 IE7

RENMISUVITY 1 OBE ITMINCONDUCTIVITY 3OSE1 LTMIN

WF2O
STORATIVITY 21 5E2B1E7 MM

CD



EMF PLUME AQUIFER PUMPING TEST IIENTUSHJCOB

C
CD

CFL

EI

E2
E1

IEO
IEI

E2
E3

TRANSMIUIVITY 131 E1 FTMINCONDUCTIVITY 375E1 FTMM

TORATIVITY 2 SBE 3512E7MIN

E7

WF29

IEO IEI IE2 IE3 IE4 IE5 IE6

E2

IEO 1E4I IE2 IE3 IE4 IE5 IE6 IE7



C
CD

EMF PLUME AQUIFER PUMPING TEST COOPERJACOB TIMEDR5WDOWN

10

TIME

100

WF29

1000

RANMISSIVITY 1 03E 1MINCONDUCTIVITY 295E1 FTMM

TORATIVILY 6 97E 3



EMF PLUME AQUIFER PUMPING TEST COOPERJECOB TIMEDREWDOWN
TIME

10 100

0922
844

2766

A
L

1000

1

461 WF35

CD
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CD
CO

RECOVERY TEST THEISTHEI RECOVERY
TIV

10 100

0066
0136

0204

1000

RECOVERY WF27

TRARIMISIVITY 793EO FTZMINCONDUCTIVITY 226E1 TMIRI



CDCOCD

RECOVERY TEST THEISTHEI RECOVERY

10 100 WOO

0088
0136

0204
0272

034

TRANSMISIVITY 746EO LTMINCONDUCTIVITY 21 3E FTMM

90

RECOVERY WF26



C
CDCO

RNSMISSIVITY 9 30E FMINCONDUCTIVITY 2 66E 1 RTMIN

10

RECOVERY TEST THEISTHEI RECOVERY
T1K

100 1000

0156
0206

026 RECOVERY WF26



C
CDCO

TRANSMISSIVITY 101 E1 ITZMINCONDUCTIVITY 289E1 FTMM

RECOVERY TEST THEISTHEI RECOVERY

I

10 100

0032
0064

0096
012

016

1000

RECOVERY VW29



C
CDCOC

TRANMISSIVILY 907E0 FTZMINCONDUCTIVITY 259E1 FTMM

10

RECOVERY TEST THEISTHEI RECOVERY
TT

100 1000

I

0328
041 RECOVERY P35
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ELAPSE

DATE TIME MINUTESMINUTE WF28 FT IWF35 FT FT

091201 102400 000 704 000 1458 000 958 000

091201 102405 008 705 000 1458 000 958 000

091201 102410 017 705 000 1456 002 958 000

091201 102415 025 705 000 1458 000 957 001

091201 102420 033 704 000 1458 000 959 000

091201 102425 042 705 000 1458 000 958 000

091 201 102430 050 704 000 1456 002 958 000

091201 102435 058 705 000 1459 000 958 000

091201 102440 O67 73 001 1440 018 959 000

091201 102445 075 703 001 1221 237 958 000

091201 102450 083 703 001 1112 346 957 001

1091201 102455092 703 001 1069 389 958 000

091201 102500 703 001 1060 398 958 000

091201 102630 25 702 002 1051 407 952 006

091201 102750 701 003 1034 424 951 007

091201 103001 700 004 1029 429 949 009

091201 103201 699 005 1025 433 948 010
091201 103401 10 698 006 1045 413 947 011

091201 104354 20 696 008 1029 429 943 015

091201105540 32 693 011 1024 434 941 017
091201 111540 52 691 013 1019 439 938 020
091201 113540 72 689 015 1029 429 937 021

091201 115540 92 689 015 1030 428 936 022
091201 121552 112 688 016 1030 428 934 024

091201 123528 1320 687 017 102 426 934 024

091201 125528 152 686 018 1019 439 934 024

091201 131528 172 686 018 1027 432 933 025

091201133528 192 686 018 1021 437 932 026
091201 135528 212 686 018 1023 435 933 025

091201 141528 232 666 018 1027 432 932 026

091201 143528 252 685 019 1012 446 931 027

091201 145528 272 685 019 1017 441 932 026

091201 151528 292 684 020 1008 450 932 026
091201 153528 312 684 020 1014 445 932 026
091201 155528 332 683 021 1019 439 931 027
091201 161528 352 684 020 1015 443 931 027
091201 163528 372 683 021 1021 437 931 027

091201 165528 392 683 021 1037 421 931 028

091201 171528 412 683 021 1016 442 931 028
091201 173528 432 683 021 1032 426 930 028
091201 175528 452 683 021 1031 427 931 028
091201 181528 472 683 021 1022 436 931 028
091201 183528 492 683 021 1011 447 930 028
091201 185528 512 683 021 1021 437 931 028
091201 191528 532 683 021 1011 447 930 028

091201 193528 552 682 022 1021 437 929 029
091201 195528 572 68 23 1014 445 929 029
091201 201528 592 681 023 1018 440 928 030
091201 203528 612 681 023 1030 428 929 029
091201 205528 632 681 023 1021 437 928 030

091201 211528 652 681023 1003 455 928 030
091201 213528 672 681 023 1005 453 928 030

APPCWELLSPARTL XIS
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091201 215528 692 681 023 1002 456 929 029

091201221528 712 681 023 1038420 929 029

O91201 223528 732 681 023 1032 426 929 029

091201 225528 752 681 023 1008 450 929 029

091201 231528 772 680 024 1035 423 928 030

091201233528 792 681 023 1029 429 928 030

091201 235528 812 680 024 1020 438 928 030

091301 01528 832 680 024 1018 440 928 030

091301 03528 852 681 023 1036 422 928 030

091301 05528 872 680 024 1018 440 928 030

091301 11528 892 680 024 1033 425 928 030

091301 13528 912 680 024 1030 428 928 030

091301 15528 932 680 024 1034 424 928 030

091301 21528 952 680 024 1007 451 929 029

091301 23528 972 680 024 1023 435 928 030

091301 25528 992 680 024 1017 441 928 030

091301 31528 1012 680 024 1021 437 928 030

091301 33528 1032 680 024 1034 424 928 030

091301 35528 1052 680 024 1031 427 928 030

091301 41528 1072 680 024 1023 435 927 031

091301 43528 1092 680 024 1015 443 928 030

0913I0 45528 1112 680 024 1014 445 928 030

091301 51528 1132 680 024 1015 443 927 031

0911301 53528 1152 679 025 1016 442 927 031

091301 55528 1172 679 025 1049 409 927 031

091301 61528 1192 679 025 1020 438 927 031

091301 63528 1212 679 025 1025 433 926 032

091301 65528 1232 678 026 1010 448 926 032

091301 71528 1252 677 027 1028 430 925 033

091301 73528 1272 677 027 1030 428 925 033

091301 75528 1292 677 027 1007 451 924 034

091301 81528 1312 677 027 1011 447 924 034

091301 83528 1332 676 028 1006 452 924 034

091301 85528 1352 676 028 1017 441 924 034

091301 91528 1372 675 029 1019 439 923 035

091301 93528 1392 675 029 1016 442 922 036

091301 95528 1412 675 029 1003 455 921 037

091301 101528 1432 675 029 1019 439 921 037

091301 102953 1446 675 029 997 461 921 037

ELAPSE IS IS

DATE TIME MINUTESMINUTE WF28 FT WF35 FT WF26 IFT

APPCWELLSPA RTL XLSXL
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WELL WF29

DATE AND TIME ELASPED TIME IN DRAWDOWN IN

MINUTESMINUTE FEET

9122001 1024

9122001 1026 0002

9122001 1036 12 0012

9122001 1046 22 0034

9122001 1056 32 0045

9122001 1106 42 0045

9122001 1116 52 0056

9122001 1233 129 01

9122001 1330 186 012

9122001 1433 249 013

9122001 1533 309 013

9122001 1633 369 013

9122001 1733 429 014

9122001 1833 489 014

9122001 1933 549 015

9122001 2033 609 015
9122001 2134 670 016

9122001 2232 726 015

9122001 2333 789 017

9132001 036 852 017

9132001 145 921 018

9132001 234 970 017

9132001 339 1035 018

9132001 444 1100 018

9132001 615 1191 019

9132001 739 1275 02

9132001 854 1350 021

NN WII 29XLS29XL
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WELL WF27

ELASPED TIME ADJUSTED DD

IN MINUTESMINUTE IN FEET

000 000

009 000

017 000

025 000

034 000

042 000

050 000

059 000

067 007

075 010

084 009
092 012

100 012

108 015

117 014

125 014

133 017

142 017

150 017

158 016

166 016

175 022

183 017

191 021

241 019

249 019

258 023

266 020

274 016

282 021

291 023

299 020

307 020

316 020

324 022

332 022

341 021

349 022

357 023

365 021

374 023

382 024

429 024

438 023

451 022

475 024

500 024

525 024

550 024

574 025

599 025

624 026

APPCWEIL27XLSAPPCWEIL27XL
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WELL WF27

649 025

674 025

699 026

724 025

749 027

774 026

798 025

823 026

848 025

873 027

898 027

923 027

948 026

973 027
1047 028

1072 029

1097 028

1122 027
1147 029

1172 027

1197 028

1221 028

1285 028

1384 032

1484 030

1583 028

1683 030

1782 033

1882 030

1981 030

2081 033

2180 032

2280 033

2379 032

2479 032

2579 034

2655 033

3153 032

3650 034

4148 034

4646 035

5143 036

5641 036

6139 037

6636 038

12500 041

18300 042

24500 042

30500 042

36500 044

42500 045

48500 045

54500 046
60500 047

APPCWEIL27XLSAPPCWEIL27XL
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WELL WF27

66600 047

72400 047
78500 048

84800 048
91700 048

96600 048

103100 048

109400 048

119700 050

127100 051

134300 052
127100 051

134300 052

APPCWEII27XLSAPPCWEII27XL
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EMF WF PUMP TEST

DATE TIME

WELL WF28 WELL WF27

DBWFT DBWFL

WELL WF35
DBWFT

WELL WF26
DBWFT

WELL WF29
DBWFT

MININUTESMININUTE

FROM START

091301 102958 675 000 1336 000

091301 103008 676 001 1358 022

0913101 103018 676 001 1362 026

091301 103028 677 003 1363 027

091301 103058 677 002 1367 030

091301 103128 677 002 1370 034

0913101 103224 677 002 1372 036

091301 103408 679 004 1375 039

091301 103918 681 006 1377 041

091301 104405 682 007 1381 044

091301 105236 684 009 1384 048

091301 110236 687 012 1386 050

091301 111236 688 013 1387 051

091301 113236 689 014 1389 053

091301 115236 690 015 1391 055

091301 121236 692 017 1393 056

091301 123236 693 018 1393 056

091301 125236 693 018 1394 057

091301 131236 694 019 1394 057

091301 133236 694 019 1395 058

091301 135236 695 020 1394 057

091301 141236 696 021 1395 058

091301 143236 695 020 1396 060

091301 145236 696 021 1397 061

091301 15 1236 696 021 1397 061

091301 153236 696 021 1397 061

091301 155236 697 022 1398 062

091301 161236 697 022 1398 062

091301 163236 698 023 1396 062

091301 165236 698 023 1399 063

091301 171236 698 023 1400 064

091301 173236 698 023 1399 063

091301 175236 698 023 1399 063

091301 181236 699 024 1400 064

091301 183236 698 023 1400 064

091301 185236 699 024 1400 064

091301 191236 699 024 1399 063

091301 193236 700 025 1401 065

091301 195236 700 025 1400 064

091301 201236 699 024 1401 065

091301 203236 698 023 1401 065

091301 205236 699 024 1400 064

091301 211236 699 024 1399 063

091301 213236 698 023 1400 064

091301 215236 699 024 1401 065

091301 221236 699 024 1400 064

091301 223236 699 024 1400 064

091301 225236 700 025 1401 065

091301 231236 699 024 1401 065

1023

1413

1416

1416

1422

1424

1427

1427

1432

1436

1436

1438

1441

1442

1442

1445

1445

1445

1445

1448

1447

1447

1447

1448

1450

1450

1450

1449

1451

1452

1451

1451

1452

1451

1452

1453

1454

1454

1453

1454

1454

1454

1453

1452

1452

1452

1454

1454

1453

921

921

921

921

924

925

927

930

932

934

937

938

940

941

943

944

945

945

946

946

947

947

948

949

949

949

950

950

950

951

951

952

952

952

953

953

953

954

953

953

954

953

953

953
954

953

953

954

953

000

390

393

393

398

401

404

404

408

413

413

415

418

419

419

421

421

421

421

424
423

423

423

424

427

427

427

426

428

429

428

428

429
428

429

430
431

431

430
431

431

431

430

429

429

429
431

431

430

1528

1528

1528

1528

1528

1528

1528

1529

1529

1530

1531

1532

1533

1534

1535

1535

1537

1538

1538

1539

1539

1539

1539

1539

1540

1541

1541

1541

1542

1542

1542

1543

1543

1543

1544

1544

1544

1544

1544

1545

1545

1544

1544

1544

1543

1544

1543

1544

1543

000

000

000

000

003

004

006

009

011

013

016
017

019

020

022

023

024

024

025

025

026

026

027

028

028

028

029

029

029

030

030

031

031

031

032

032

032

033

032

032

033

032

032

032

033

032

032

033

032

000

000

000

000

000

000

000

001

001

002

003

004

005

006

007

007

009

010

010

011

011

011

011

011

012

013

013

013

014

014

014

015

015

015

016

016

016

016

016

017

017

016

016

016

015

016

015

016
015

00

02

03

05

10

15

25

14

23

33

43

63

83

103

123

143

163

183

203

223

243

263

283

303

323

343

363

383

403

423

443

463

483

503

523

543

563

583

603

623

643

663

683

703

723

743

763
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09113101 233236 699 024 1400 064 1454 431 953 032 1544 016 783

091301 235236 700 025 1400 064 1453 430 954 033 1544 016 803

091401 01236 700 025 1400 064 1453 430 954 033 1545 017 823

0911401 03236 700 025 1401 065 1453 430 954 033 1544 016 843

091401 05236 700 025 1401 065 1455 432 954 033 1543 015 863

091401 11236 701 026 1402 066 1455 432 955 034 1544 016 883

0911401 13236 700 025 1402 066 1455 432 955 034 1544 016 903

091401 15236 701 026 1401 065 1455 432 955 034 1545 017 923

091401 21236 701 026 1402 066 1455 432 955 034 1545 017 943

091401 23236 701 026 1401 065 1455 432 956 035 1545 017 963

091401 25236 702 027 1402 066 1455 432 956 035 1546 018 983

091401 31236 702 027 1402 066 1456 433 956 035 1545 017 1003

091401 33236 701 026 1401 065 1455 432 956 035 1544 016 1023

091401 35236 701 026 1402 066 1456 433 957 036 1546 018 1043

0914101 41236 702 027 1402 066 1455 432 956 035 1545 017 1063

091401 43236 702 027 1403 067 1456 433 957 036 1546 018 1083

091401 45236 701 026 1403 067 1458 434 958 037 1546 018 1103

091401 51236 702 027 1406 069 1456 433 958 037 1545 017 1123

091401 53236 702 027 1403 067 1455 432 958 037 1546 018 1143

091401 55236 702 027 1406 069 1458 434 958 037 1546 018 1163

091401 61236 702 027 1402 066 1456 433 957 036 1545 017 1183

091401 63236 702 027 1402 066 1458 434 958 037 1545 017 1203

091401 65236 702 027 1402 066 1458 434 958 037 1545 017 1223

0911401 71236 702 027 1403 067 1456 433 957 036 1545 017 1243

091401 73236 701 026 1401 065 1456 433 956 035 1545 017 1263

091401 75236 701 026 1402 066 1455 432 956 035 1544 016 1283

091401 81236 701 026 1402 066 1456 433 956 035 1545 017 1303

091401 83236 701 026 1402 066 1456 433 956 035 1545 017 1323

091401 85236 701 026 1402 066 1456 433 956 035 1544 016 1343

091401 91236 701 026 1401 065 1456 433 956 035 1544 016 1363

091401 93236 701 026 1402 066 1454 431 955 034 1545 017 1363

091401 95236 701 026 1403 067 1454 431 955 034 1544 016 1403

091401 101258 702 027 1402 066 1454 431 955 034 1544 016 1423

NOTESNOTE DEPTH TO WATER

WELL WF28 WELL WF27 WELL WF35 WELL WF26 WELL WF29 MININUTESMININUTE

DATE TIME DBW FT DBW FT DBW FT DBW FT DBW FT FROM START
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APPENDIX SUMMARY OF QUARTERLY MONITORING DATA EMF SITE

EMF DATA SUMMAR2WPD 11 602
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CHANGESCHANGE IN TCE CONCENTRATIONSCONCENTRATION WITHIN PLUME SINCE REMEDIATION STARTED ONSITE WELLSWELL

CDCO

WELL NAME LOCATIONLDEECRIPTION CONCENTRATION
TGLL

CURRENT TCECONCENTRATION UGIL 10129101

REDUCTION FROMPEAK CONCENTRATION OTHER NOTESNOTE

MW6 UPGRADIENT ONSITE 39 97NVO1 SOURCE AREA 1007000 60000 94 WELL WHERE TCENAPL WAS RECOVEREDMW8 CENTRAL PLUME AREA 24230 990 96MWISMWI NEAR N PLUME EDGE 195 140 28MWID NEAR PLUME EDGE 3380 150 96NV2 CENTRAL PLUME AREA 52000 24000 54 WELL COMPLETED TO DEEPERDEPTH IN 42000MWIC NEAR PLUME EDGE 29100 400 99MW9 CENTRAL PLUME 18900 50 100MW16 CENTRAL PLUME 3140 90 97MW17 CENTRAL PLUME 4760 10 100MW24 CENTRAL PLUME 2000 ND 99MWUSMWU CENTRAL PLUME 12 ND NAMWI ID CENTRAL PLUME 2300 ND 99MWI 3D CENTRAL PLUME 1200 ND 92MW12D NORTH PLUME LIMIT ND ND NAMWI4D SOUTH PLUME LIMIT ND ND NA

AVERAGE REDUCTION88MEAN 82018 8583 90GEOMETRIC MEAN 2795 236 92

EMF DATA SUMMAR2WPD 11602



CHANGESCHANGE IN DCE CONCENTRAHONSCONCENTRAHON WITHIN PLUME SINCE REMEDIATION STARTED ONSITE WELLSWELL

WELL NAME LOCATIONLDESCRLPTION CONCENTRATION GIL

CURRENT DCECONCENTRATION 1GIL 1012901

REDUCTION FROMPEAK CONCENTRATION OTHER NOTESNOTE

MW6 UPGRADIENT ONSITE ND RID NANV0I SOURCE AREA ND RID NA WELL WHERE ICENAPL WAS RECOVEREDMW8 CENTRAL PLUME AREA 25200 640 97MWISMWI NEAR N PLUME EDGE 1010 35 97MWID NEAR PLUME EDGE 17600 790 96NV2 CENTRAL PLUME AREA 18100 11000 39 WELL COMPLETED TO DEEPERDEPTH IN 42000MWB NEAR PLUME EDGE 12000 3400 72MW9 CENTRAL PLUME 1350 100MW16 CENTRAL PLUME 6610 130 98MW17 CENTRAL PLUME 6180 2900 53MW24 CENTRAL PLUME 27100 2900 89MWUSMWU CENTRAL PLUME 5300 2800 47MWLID CENTRAL PLUME 18300 5000 73MWI 3D CENTRAL PLUME 27500 3400 88MW12D NORTH PLUME LIMIT 26 ND NAMW14D SOUTH PLUME LIMIT 13 RID NA

AVERAGE REDUCTION79MEAN 11875 2750 77GEOMETRIC MEAN 2735 877 68

EMF DATA SUMMAR2WPD 111602

CO



CHANGESCHANGE IN VINYL CHLORIDE CONCENTRATIONSCONCENTRATION WITHIN PLUME SINCE REMEDIATION STARTED ONSITE WELLSWELLWELL NAME LOCATIONDESCRLPTION CONCENTRATION IGL

CURRENT VCCONCENTRATION UGIL 10129101

REDUCTION FROMPEAK CONCENTRATION OTHER NOTESNOTE

MW6 UPGRADIENT ONSITE ND ND NANVO1 SOURCE AREA ND ND NA WELL WHERE TCE NAPL WASRECOVEREDMW8 CENTRAL PLUME AREA 3690 46 99MWISMWI NEAR N PLUME EDGE 113 ND 99MWID NEAR PLUME EDGE 2160 160 93NV2 CENTRAL PLUME AREA 4220 2500 41 WELL COMPLETED TO DEEPERDEPTH IN 42000MWB NEAR PLUME EDGE 2100 400 81MW9 CENTRAL PLUME 430 29 93MW16 CENTRAL PLUME 4140 41 99MW17 CENTRAL PLUME 4190 3300 21MW24 CENTRAL PLUME 15200 770 95MWI IS CENTRAL PLUME 1600 1000 38MWI ID CENTRAL PLUME 2920 2100 28MWI 3D CENTRAL PLUME 23100 9000 61MW12D NORTH PLUME LIMIT ND ND NAMW14D SOUTH PLUME LIMIT ND ND NA

AVERAGEREDUCTION 71MEAN 5322 1759 67GEOMETRIC MEAN 2605 493 81

C

EMF DATA SUMMAR2WPD 11 6102



ILICTRONICSILICTRONIC MANUFACTURING FACILITYGROUJDWAT1R CLEANUPOCTOBR 2001TRICHIOROOTIONO
KING COUNTY POLICE

LIMPMWI FR100 MS NT

PERIMETER ROAD

I

1MM PMW8 1338 124230

IEMFNWO KTOO 112000 TNT

EM RMW19 ID30 I0O

FORMER 3962 BLDG

KING COUNTY ARRIVALSARRIVAL BUILDING LRMENW2 I000 IT300 120U IEMPMWZ1 L000 100 MT

LEN PM W22 18000 139000 LOT

LWILL 100 12 ZOULWNO SOU 2300 LOU

ITS ITO

SN

EM FNW2 TOO TOO TOU

EM PMW140 TOO TOO TOU

ITRTHLRTHSIS GLNUP SI 2000 LOW LOWEST DETECTION SINCE JULY1997 OR WELL INSTPAST INJ INN WIC 4N1 TNFFRNONCINRILUV1GQ7 INRT

LN FNVUI I7 IW7 IUUUUUU

AROOKNSTSAROOKNST CI IN PST

MON1ORING WELL LOCATION DESIGNATION

WVNI TREATMENT WELL LOCATION DESIGNATION

NT WELL NOT TESTED

EQUIPMENT THAU 00

3D

3S IS ID

NV0I LIMPNVSI 179000 11207000 1500000

TUIVOO IOA 152600 1240000

NV02 LUMPMWB 106 129110

EMFMW15 VO0 2500

15 18

EM FMWISFMWI 432 3140

19 E41EMFMW17 I7 4760 15U

LEMIMVIIA LTTO 1110 LOT
1400

LEN FMW2OTO 1930 1111 20

CDCOCO

00 IZD

EM PMW4 TOO 26

EM FM W120 TO TOO IOU

LIIII1IT LOT

30

LEN FM

W13BJ79 11200 FSOU



ELECTRONICSELECTRONIC MANUFACTURING FACILITYGROUNDWATER CL4NUPOCTOBR 200114 R1II
KING COUNTY POLICE

LIMPMW J1OO 1ST

120

LIMPMWSO 15680 566O 1ST

S

20IIMIMW24 27110 I2900D

IEM FMW5 I0O 53 NT

LLMW F05 JICRO NT

ION

IIM PM W13D 14U0 127500 13400

IOI12DIOHIIURTH PGL LOW LOWEST DETECTION SINCE JULY1997 OR WELL INSTFAST IPAST

EN NVOI 1OOC BOO 12406

ILOW IHIOII JOCTO1 HTII I4IFLWST RFTFCTION SLNCF PILL 1007 OP WFI INST

75

MONITORING WELL LOCATION DESIGNATION

NVUI TREATMENT WELL LOCATION DESIGNATIONAPOTOTDMST ECU IN FT

ITT WELL NOT TESTED

PERIMETER ROAD

EQUIPMENT MAW

WJ

FORMER 3962 BLDG

KING COUNTY ARRIVALSARRIVAL BUILDIG

E1IMPMW1I 1842

CDCD

IEM PM W16 17900 7900 LOT

1116600 1ST

EM M W4 400

EM PMW12B TOO 48 IOU

US 110

IOU

113 IOU



ELECTRONICSELECTRONIC MANUFACTURING FACILITYGROUNDWATER CLEANUPOCTOBER 2001VINYL CHIORWE

VINYL CLIIODD P911CINUP OLT 529 P1PAST PASTHIGH OCT01

KING COUNTY POLICE

LMPMW7 ICTOC 123 MT

PERRAETER ROAD

KING COUNTY ARRWALSARRWAL IUILDSNG INFMW24 160D I200 770

II IEM PM W21 3845 J38TD MT

CD

IIMPMW22 4800 I5000 TNT

25 50 75

ADOROXIMLI SCSI IN FT

LOW LOWEST DETECTION SINCE JULY 1997 OR WELL INST

IIIIT WIRN RCTRRNON SINF IT II 1007 FLP WIMONITORING WELL LOCATION DESIGNATION

MV0I TREATMENT WELL LOCATION DESIONATION

LIT WELL NOT TESTED

EQUIPMENT

IMINW8 ICS 3690 146

30

LIMPN WI

VOI LIMPNVEL FRUOO 5000 LTOU

IIMPNV02 I20 4220 12500

12700

LEMFMW 1700 5000 TNT

18

LEN PNWI C2O 41019 LIMPMWIL I13O F4O 33000IIMPNWIA 17400 7400 TNT

IS ID

FORMER 3962 ILDG

TIN PN W9

L1OO 900 MTLIMPNWIA I4 040 TNT

KNPUW2O 2500 F2550 TNT 20

141

120

EN FNW4 TOO 34 13

IN NW12D T00 86 52

IIMFMW5 LLOO TNT

11 ITT

IOF1IIMPMW13D10000 L230 19000

44

02 T00 161 TOU0000 JCT0O I00 IOU



EMF SITESUMMARY OF ANALYTICAL RESULTSRESULTJULY 1997 THROUGH OCTOBER 2001TRICHLOROETHEN PGI

CD

CLEANUP GOAL 2000 PGII

JUL97 OCT97 FEB98 MAY98 AUGU NOV98 JAN99 APR49 JUL49 OCT99

JAN00 APRCO JUL00 OCT40 JAN41 APR01 JUL41 OCT01EMFNV01 870000 1007000 430000 180000 188000 165000 185000 177800 237000 222000 162000 AT 324000 136400 82800 120000 79000 80000DEMFNV02 129 652 7500 3160 23800 23100 13000 1700 2120 12800 11800 NT 4800 40600 2525 52000 41000 24000DEMFMW4 110 AT ATEMFMW1 69 152 406 196 642 101 67 85 78 77 592 91 106 134 1256 110 100 140EMFMW1D 17 299 845 24 2000 1000 1000 169 2200 1538 1416 3380 320 142 219 110 110 150EMFMW2 100 100 100 100 100 100 100 NT 100 100 100 100 100 00 00EMFMW4E 872 57 36 100 35 37 44 NT NT NT AT NT AT FT AT 35 NT ATEMFMW4D 854 00 12 100 100 100 100 NT NT NT NT NT NT NT AT AT ATLMFMW4 23 100 19 AT AT AT AT NT 18 26 100 100 100 16 100EMFMW4 100 17 100 00 100 00 100 AT NT NT NT NT NT AT AT NT ATEMPMW4 392 382 107 76 62 63 45 392 61 32 18 21 23 11 100 14 12UMFMW7 199 29 56 84 100 24 51 AT NT AT AT AT AT AT AT AT ATMFMW8IMFMW4MFMW1O EMFMW118

4700E 7030 114 338 505 600 2590 420 85 24230 8150 8540 5500 1320 672 650 760 990179 18900 10 1000 00 100 00 12 16 127 158 56 50 710 CLOSED NT29100 8300 720 147 98 1000 1000100

24 126 236 41 498 48 82 905 2300 700 400WELL INSTALLED IN JUNE 1998 100 00 100 11 12 1000 1000 100 1000 1000 30 20EMPMW11D WELL INSTALLED HI JUNE 1998 747 810 840 2300 670 1310 520 585 1000 500 200 59 50 50EMFMW120 WELL INSTALLED IN JULY 1999 00 100 00 100 100 00 100 10EMFMW13D WELL INSTALLED IN JULY 1999 733 1200 520 675 1000 1000 500 79 100 100MFMW14D WELL INSTALLED IN JULY 1999 00 00 00 00 100 100 100 10MFMW15 WELL INSTALLED IN APAL 2000 1000 2600 NT NT AT AT NTMFMWISMFMWI WELL INSTALLED IN APRIL 2000 3140 AT 157 432 100 100 90MFMW1T WELL INSTALLED IN JUNE 2000 1230 4760 184 250 73 15MFMWIBMRMWI

WELL INBTDLLD IN JUNE 2000

WELL INSTALLED IN JUNE 2000

100
100

AT
NT

AT
FT

FT
AT

AT

AT
AT

AT
NTMFMW20 WELL INSTALLED IN JUNE 2000 930 NT NT AT NTMFMW21 WELL INSTALLED SEPTEMBER 2000 100 5000 NT AT NTMFMW22 WELL INSTALLED SEPTEMBER 2000 39000 8000 AT AT NTMFMW23 WELL INSTALLED SEPTEMBER 2000 LOW PRODUCTION WALL 100 12 15MFMW24 WELL INSTALLED SEPTEMBER 2000 1000 2000 200 300 20MFWF25 WEST FIELD WELL LNTALLED APRIL 2001 10 10MFWF29 WEST FIELD WELL INSTALLED APRIL 2001 44 54 40MFWF27 WEST FIELD WELL INSTALLED APRIL2001 IO 10 10MFWF28 WEST FIELD WELL INSTALLED APRIL 2001 10 10 10MFWF29 WEST FIELD WELL INSTALLED APRIL 2001 14 20 15



EMF SITESUMMARY OF ANALYTICAL RESULTSRESULTJULY 1997 THROUGH OCTOBER 2001

CLE1 20 ICH LOROETHENO PGICLEANUP GOAL 224000 PGI

JULSI OCT97 FB99 MAY48 AUG98 NOV48 JAN19 APR99 JUL99 OCT99 JARSCO APR00 JUL00 OCT00 JAN01 APR01 JUL01 OCT01IMPNV01 2000 5000 10000 1000 1000 1000 1000 1000 1000 1000 1000 01 2000 2000 2000 1000 1500W 240EMF44V028MRMW0

388 1030E 6200 4220 15120 15900 9700 5640 3640 11400 18100E NT 3000 13100 525 15000
58

16000
TIT

11000
NTEMFMW13 100 16 66 1010 722 712 543 560 92 108 479 389 654 150 1022 54 44 35EMPMWIDEMFMW2MFMW41MPMWSDEMPMW4

14
37

11
24

171
23

1750 1086
24

69 362

25 13

2950
NT

5450
33

4580
24

9940
104

17600
16

1830100

776
12

1060100

860 900 790IOU

CI 00 100 100 00 11 100 100 NT NT IT NI NT NT NT NT 22 NT NT2000 191 134 104 94 10 100 NT NT NT NT NT NT NT NT 39 NT NT

200 14 100 NI NT

NT NT NT 34 00 100 00 00 100 00 18MFMW4 100 FT NT IT OH RRT NT FT

NI 17 FT FTEMPMW4 200 100 100 00 100 100 100 100 100 100 100 100 100 100 100 10 IOUEMFMW7EMFMW4

100
213

100
454

1003700

00

2050

1611800

10015600

10013000

NT
6340

NT
1750

NT 25200

NT
9900

NT
5220

NT
2970

NT
1124

NT
927 1200

NT
970

NT
640EMPMW 1162 1350 808 252 28 14 44 39 100 48 59 147 1702 373 2400 1600 CLOSED NTIMFMW10 3086 432 8250 1480 353 41 141 95 666 126 1584 246 260 423 333 12000 4100 3400EMPMW11 WELL INSTALLED IN JUNE 1998 19 58 87 100 122 990 89 23 481 350 542 910 5300 2000EMPMW11D WELL INSTALLED IN JUNE 1998 6980 8600 7950 11500 5900 18300 11080 8400 7820 15780 10440 7000 5300 5000EMPMW12D WELL INSTALLED IN JULY 1999 26 100 100 100 100 100 100 46 10 LIMFMWID WELL INSTALLED IN JULY 1999 15500 27500 21000 19550 13600 21400 19850 8400 4100 3400EMFMW140 WELL INSTALLED IN JULY 1999 13 100 100 100 100 100 11 10 IOUEMFMW15 WET INSTALLED IN APRIL 2000 27700 5930 OH OH

902

NT NT NTEMFMWII WELL INSTALLED IN APRIL 2000 6610 NT 792 310 420 130MFMW17 WELL INSTALLED IN JUNE2000 2940 6180 842 1000 1200 29000MFMW1SMFMW1 WELL INSTALLED IN JUNE 2000 7900 NT OH FT OT NTEMFMWI9 WELL INSTALLED IN JUNE 2000 12200 NT NI NT NT NTEMFMW20 WELL INSTALLED IN JUNE2000 5680 NT NT FT NT FLTMFMW21 WELL INSTALLED SEPTEMBER 2000 1170 405 NT NT NTEMPMW22 EMFMW23 WELL INSTALLED SEPTEMBER2000

WELL INSTALLED SEPTEMBER 2000 LOW PRODUCTION WELL

122000 108600 NT 16000

FT
4800

FT 2700DEMFMW24 WELL INSTALLED SEPTEMBER 2000 27100 1616 21000 2300 2900DEMFW25 WEST FIELD WELL INSTALLED APRIL 2001 13 10 LOUEMFWF2SEMFWF2 WEST FIELD WELL INSTALLED APRIL 2001 5600 7200 4000DEMFWP27 WEST FIELD WELL INSTALLED APRIL 2001 1500 1900 1700DEMPWP28 WEST FIELD WELL INSTALLED APRIL 2001 10 10 IOUEMFWF29 WEST FIELD WELL INSTALLED APRIL 2001 1100 1400 9800

CDC



EMF SITESUMMARY OF ANALYTICAL RESULTSRESULTJULY 1997 THROUGH OCTOBER 2001

TRANS1 2DCHLOROETHEURI UGH

JUL47 OCT47 FEB98 MAY18 AUG98 NOV98 JAN99 APR99 JUL49 OCT99 JAN00 APR00 JUL00EMFNV01 2000 5000 10000 1000 1000 1000 1000 1000 1000 1000 1000

JAN01 APR01 JUL01 OCT01EMFNV02 406 423 153 170 364 480 310 240 210 290

NT 2000 2000 2000 1000 1500MFMW0 AT 320 1000 65 1200 1300 900EMFMW19 100 100 100 195 2000 18 16 17 1000

AT NTEMFMW1D 100 100 24 146 2000 1000 1000 22

14 100 11 25 200 CI LOU LOUEMPMW2 CLOG 100 100 100 100 100 100 NT

5000
00

206 24 130 100 2000 1000 10 30U LOU8M1MW3 00 00 100 100 100 100 00 NT AT AT

100
NT

100 100 100 100 CI CU LOUMCMW3D 20 12 11 18 12 15 14 NT NT AT AT

NT AT AT AT ATMFMW4 200 100 100 AT NT AT NT NT 23 00

AT NT AT AT ATMFMW4 100 100 100 100 100 100 00 AT NT AT

100 100 100 CI 00MFMW4 200 100 100 100 100 100 100 100 100 00 100

AT
100

AT NT AT NT NTMIMWI 100 100 100 100 44 100 100

100 00 IOU OUMFMW8 115 200 100 103 5000 100

NT AT AT AT AT AT NT AT ATEMFMW9 873 100 219 168 100 42 36 505

5000
54

56 500 30 120
74

2000 1000 14 11 12EMFMW10 160 100 200 25 10 1000 11 14 106 109

32
84

42 100 22 25 CLOSED ATEMFMW118 WELL INSTALLED IN

JUNE 1998 00 100 100 69 301 1000 1000

1000
199

500 18 630 250 160EMPMW11OEMFMW12D WELL INSTALLED IN JUNE 1998 510 800

WELL INSTALLED IN JULY 1999

520 940 630
13

1340100

740 650 1040

1000200

10001680

34
1200

230
1200

100
1100EMFMW130 WELL INSTALLED IN JULY 1999 1430 2290

100 100 100 00 CUMFMW14D WELL INSTALLED IN JULY 1999 00

1525 1600 1000 2250 870 950 1100EMIMW15 00

WELL INSTALLED IN APRIL2000 1002400

100 100 100 LOUEMFMW1SEMFMW1 WELL INSTALLED IN APRIL 2000 300

1800 NT NT AT NT ATEMFMW17 WELL INSTALLED IN JUNE 2000

1000 82 20 30 19EMFMW18 WELL INSTALLED IN JUNE 2000

380 200 486 250 420 780WMFMW19 WELL INSTALLED IN JUNE 2000

AT AT NT AT ATMFMW2O WELL INSTALLED IN JUNE 2000

720 NT AT AT AT ATFMFMW21LMFMW22MFMW23TMFMW24EMFWF25

380WELL INSTALLED SEPTEMBER 2000

AT AT AT NT NT

WELL INSTALLED SEPTEMBER 2000

245 NT AT NT

WELL INSTALLED SEPTEMBER 2000 LOW PRODUCTLOA WELL

5000 12800 AT AT AT

WELL INSTALLED SEPTEMBER 2000

1200 400 5401000 612WEST FIELD WELL INSTALLED APRIL 2001

1600 330 730MFWF26 WEST FIELD WELL INSTALLED 2001

10 10 IOUMFWF27 APRILWEST FIELD WELL INSTALLED APRIL 2001

250 440 2100MFWF28 WEST FIELD WELL INSTALLED 2001

22 44 38MFWF29 WEST FIELD WELL INSTALLED APRIL2001 10 10 10

CD



EMF SITESUMMARY OF ANALYTICAL RESULTSRESULTJULY 1997 THROUGH OCTOBER 2001

VINYL CHLORIDE PGICLEANUP GOAL 525PGIJUL97 OCT47 FEB98 MAY98 AUG58 NOV58 JAN55 APR59 JUL49 OCTISOCTI JANCO APRCO JULCO OCTCO JAN01 AP JUL01 OCTCLEMFNVO1 2000 5000 10000 1000 1000 1000 1000 1000 1000 1000 1000 NT 2000 2000 2000 1000 1500 10EMFNV02 20 972 312 352 554 740 920 790 1154 2470 4220 NT 240 1010 60 2200 2000 2500EMFMWC NT NTEMFMW18 100 100 00 136 2000 60 113 53 1000 542 305 71 145 256 154 10EMFMW1DMFMW2 100
22

24
27

185
59

561
71

944 328 626
76

1260
NIT

795
104

1004
147

2160
103

2050
75

480 302100 11

281
100

160 140
10

160EMFMW4 100 100 100 32 100 100 100 NT NT NIT NT NT NIL NT NT NT NTFMFMW30 20 45 413 79 134 129 144 NT NT RU

NT NT NIT NIT NT 44 NT NTEMFMW4 200 100 100 NT NT

NF 100 100 100 00 100 100 100 34 13EMFMW8 00 12 12 100 NT NIT NT NT NT RUT FT NT

I NT NTEMFMW4MFMW7HMFMW8EMFMW9

200 100 00 100 100 100 100 100 100 100 100 100 100 100 100 10 10

00

10
1274

00

200100

00

100
430

00

304
195

610100

1002690 100

00

3690
65

NT
1580

263

NT
600100

NIT
2700

43

NIT
2350

289

NIT
850

07

NT
670

1806

NT
200

562

NIT
387

900

410
480

NIT
94

CLOSED

NT
46

NTEMFMW1O 322 100 1120 2100 755 94 334 154 64 114 1566 88 199 212 223 2700 1200 1100EMFMW115 WELL INSTALLED IN JUNE 1998 67 102 166 25 164 329 1532 176 209 527 490 1600 1000MFMW11D WELL INSTALLED IN JUNE 1996 740 870 1730 1050 580 3720 2060 075 2200 1640 2920 3300 2400 2100EMFMW12D WELL INSTALLED IN JULY 1999 36 100 21 00 100 100 00 66 52EMFMW130 WELLLNSTALLEDINJULYL 11900 23100 21600 8650 14400 14700 16300 10000 13000 9000EMFMWT4D WELL INSTALLED IN JULY 1999 100 100 100 100 100 100 00EMFMW15 WELL INSTALLED IN APRIL2000 700 5000 NT NIT NT NT NITEMFMW1SEMFMW1 WET INSTALLED IN APRIL2000 140 NIT 456 200 180 220 416MFMW17 WELL INSTALLED IN JUNE2000 4190 2660 1340 1300 1600 33000MFMW18 WELL INSTALLED IN JUNE2000 7400 NT NIT NIT NT NTEMFMW19 WELL INSTALLED IN JUNE2000 1340 NT NIT NT NIT NTEMFMW20 WELL INSTALLED IN JUNE2000 2500 NT NT NIT NT NITEMFMW21 WELL INSTALLED SEPTEMBER2000 3810 3645 NIT NT NITEMFMW22 WELL INSTALLED SEPTEMBER 2000 5000 4800 NT NT NTMFMW23 WELL INSTALLED SEPTEMBER 2000 LW PRODUCTION WELL 6800 1600 690EMFMW24 WELL INSTALLED SEPTEMBER2000 5200 1466 6500 7600 770EMFWF25 WEST FELD WELL INSTALLED APRIL2001 120 63 180EMFWF29 WEST FIELD WELL INSTALLED APRIL 2001 1300 1800 1300MFWP27 WEST FIELD WELL INSTALLED APNI 2001
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APPENDIX SUMMARY OF FIRST ORDER DEGRADATION MODELING
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BASISBASI FOR FIRST ORDER DEGRADATION MODELING OF VOC DLUME AT EMF SITE

THE BASIC EQUATION USED TO REPRESENT FIRST ORDER DEGRADATION PROCESSPROCES IS

CTC0EID EQI

AT THE EMF SITE THE CONCENTRATION AT THE SOURCE HAS BEEN
APPROXIMATELY CONSTANT BECAUSE OF THE HIGH VOC MASSMAS

TCE AS DNAPL THE ABOVE FIRST ORDER DEGRADATION EQUATION CAN BE TRANSFORMED FROM CONCENTRATION AS FUNCTION

OF TIME 110 CONCENTRATION AS FUNCTION OF POSITION X THE DOWNGRADIENT POSITION IS EQUAL TO THE VELOCITY

MULTIPLIED BY THE TRAVEL TIME T
XVT
REARRANGING

XLV AND SUBSTITUTING THISTHI INTO EQUATION YIELDSYIELD

CXC0E EQ2

BY PLOTTING THE MEASURED CONCENTRATIONSCONCENTRATION ON LOGARITHMIC SCALE VERSUSVERSU DISTANCE ON LINEAR SCALE THE ABOVE

RELATIONSHIP CAN BE USED TO DETERMINE

IF THE CONCENTRATION PROFILE FITSFIT FIRST ORDER DEGRADATION MODEL

THE RATE CONSTANT FOR THE DEGRADATION PROCESS

THE FIELD DATA ALONG WITH THE DEGRADATION MODELING ARE SHOWN IN FIGURESFIGURE 53 AND 54 THE FIELD DATA ARE THE PEAK

PLUME CONCENTRATIONSCONCENTRATION DETECTED ALONG SEVERAL DIFFERENT PLUME TRANSECTS AT EACH TRANSECT APPROXIMATELY 15 VOC

SAMPLESSAMPLE HAVE BEEN COLLECTED TO DEFINE THE PLUME BOUNDARIESBOUNDARIE TRANSVERSE DIMENSION AND VERTICAL
INTERVAL AT THAT

LOCATIONSLOCATION AND THE PEAK VALUE IS USED IN THE MODELING CALIBRATION TO DERIVE THE DEGRADATION RATE CONSTANTS

THE DEGRADATION RATE CONSTANT IS DETERMINED BY LEAST SQUARESSQUARE FIT OF THE MODEL PREDICTIONSPREDICTION TO THE MEASURED FIELD

DATA THE RESULTSRESULT INDICATE GOOD FIT BETWEEN THE FIELD DATA AND THE MODEL PREDICTIONSPREDICTION AN R2 OF 098 THE ESTIMATED

HALF LIFE FOR THE SLOWEST DEGRADING VOC IS 19 MONTHS THISTHI CORRESPONDSCORRESPOND TO THE PREDICTED CONCENTRATION

DECREASING BY 50 FACTOR OF REDUCTION FOR EVERY 500 FEET OF TRAVEL DISTANCE

EMF DATA SUMMAR2WPD 11 602
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SUMMARY OF FIRST ORDER DEGRADATION MODELING WITH GENERATION OF DAUGHTER PRODUCTSPRODUCT

C1 TCE K1 1ST ORDER DECAY CONSTANT FOR TCE

MW1 MOLECULAR WEIGHT FOR TCE

C2 DCE 1ST ORDER DECAY CONSTANT FOR DCE

MW2 MOLECULAR WEIGHT FOR DCE

C3 VINYL CHLORIDE K3 1ST ORDER DECAY CONSTANT FOR VINYL CHLORIDE

MW3 MOLECULAR WEIGHT FOR VINYL CHLORIDE

TCE

C1 IDT K1

C10 K1TDT

C1 C10XE EQ3

DCE

C2 IDT K2 C2 K1 C1 MW2 1MW1

C2 C20 EXP K2 MW2 MW1 C11 EXP K1TDT

E2
10 MW 22

VINYL CHLORIDE

C3 DT K3 C3 K2 C2 MW3 1MW2

C3 C30 EXP K3 MW3 MW2 C2 EXP K2 TDT EQ

NO CLOSEDFORM SOLUTION EXISTSEXIST FOR EQUATION SO THE SOLUTION IS DERIVED BY NUMERICAL INTEGRATION OVER TIME

EMF DATA SUMMAR2WPD 11602
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APPENDIX EVALUATION OF THE EFFECTSEFFECT OF TIDALLYINDUCED MIXING IN GROUNDWATER NEAR THE DUWAMISH

WATERWAY

EMF DATA SUMMAR2WPD 11602
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EVALUATION OF TIDALLY INDUCED MIXING WITHIN GROUNDWATER

GROUNDWATER DISCHARGE FROM THE UNCONFINED AQUIFER TO THE DUWAMISH WATERWAY IS

CONSIDERED TO BE AN IMPORTANT EXPOSURE PATHWAY FOR CHEMICALSCHEMICAL PRESENT IN GROUNDWATER

BENEATH THE PLANT SITE THE POTENTIAL IMPACTSIMPACT TO THE SURFACE WATER BODY ARE EVALUATED

THROUGH COMPARISON OF THE GROUNDWATER DISCHARGE CONCENTRATIONSCONCENTRATION WITH APPROPRIATE

CNTENA DEVELOPED TO PROTECT THE SURFACE WATER RESOURCE THE SURFACE WATER CNTENA

TYPICALLY CONSIDER WATER QUALITY STANDARDSSTANDARD NECESSARY TO MEET THE SEDIMENT QUALITY

CRITERIA AMBIENT WATER QUALITY CRITERIA AWQCSAWQC FOR PROTECTION OF SENSITIVE AQUATIC LIFE

AND POTENTIAL HUMAN EXPOSURE THROUGH BIOACCUMULATION IN FISH AND SUBSEQUENT HUMAN

INGESTION OF FISH THE MTCA SPECIFICALLY STATESSTATE THAT THE DILUTION WITHIN THE SURFACE WATER

BODY SHOULD NOT BE CONSIDERED WHEN SETTING CLEANUP STANDARDSSTANDARD FOR PROTECTION OF SURFACE

WATER THISTHI IS CONSERVATIVE APPROACH TAKEN BY ECOLOGY TO ENSURE THAT SPECIFIC

DISCHARGE LOCATIONSLOCATION DO NOT CREATE LOCAL IMPACTED AREASAREA EG IMPACTSIMPACT TO SEDIMENTSSEDIMENT AND

THAT MULTIPLE DISCHARGESDISCHARGE TO SURFACE WATER BODY WHEN ALL COMBINED TOGETHER DO NOT

CAUSE AN ADVERSE IMPACT THE SAME PROCEDURESPROCEDURE FOR SETTING THE GROUNDWATER CLEANUP

LEVELSLEVEL ARE ALSO USED IN SETTING THE SOIL CLEANUP LEVELSLEVEL WITH AN ADDITIONAL STEP CONSIDERING

THE LEACHING FROM SOIL TO GROUNDWATER

SIGNIFICANT AMOUNT OF RESEARCH HAS BEEN COMPLETED ON THE PHYSICAL AND BIOCHEMICAL

PROCESSESPROCESSE ASSOCIATED WITH GROUNDWATER DISCHARGE TO TIDALLY INFLUENCED SURFACE WATER
MUCH OF THE RECENT RESEARCH HAS BEEN FOCUSED ON ENVIRONMENTAL IMPACTSIMPACT OF

CONTAMINATED GROUNDWATER DISCHARGING INTO THE CHESAPEAKE BAY THE RESEARCH

PROJECTSPROJECT INCLUDING FIELD STUDIESSTUDIE AND MODELING STUDIESSTUDIE HAVE CLEARLY DEMONSTRATED THAT THE

RAPIDLY CHANGING WATER LEVELSLEVEL IN THE INTERTIDAL ZONE HAVE SIGNIFICANT IMPACT ON THE

GROUNDWATER DISCHARGE AND THE CONCENTRATION OF VARIOUSVARIOU CONTAMINANTSCONTAMINANT WITHIN THAT

DISCHARGE THE DISPERSIVE NATURE OF THE TIDALLY INFLUENCED FLOW REGIME IN GROUNDWATER

HAS BEEN RECOGNIZED FOR AT LEAST 40 YEARSYEAR EG SEE COOPER 1959 KOHOUT 1960 MORE

RECENTLY SEVERAL QUANTITATIVE MODELSMODEL HAVE BEEN DEVELOPED TO CHARACTERIZE THE CHEMICAL

TRANSPORT CONDITIONSCONDITION WITHIN THE INTERTIDAL ZONE ROBINSON AND GALLAGHER 1999 YIM AND

MOHSEN 1992

RELATIVE TO SETTING GROUNDWATER QUALITY STANDARDSSTANDARD TO PROTECT AN ADJACENT SURFACE WATER

BODY ONE IMPORTANT PROCESSPROCES IS THE RAPIDLY CHANGING GROUNDWATER MOVEMENT IN THE NEAR

SHORE TIDALLYACTIVE REGION OF THE AQUIFER THE TIDALLYACTIVE REGION OF THE UNCONFINED

AQUIFER IS THE ZONE WHERE THE WATER TABLE ELEVATION IS INFLUENCED BY THE TIDE THE INLAND

EXTENT OF THE TIDALLYACTIVE REGION VARIESVARIE WITH THE HYDROGEOLOGICAL PROPERTIESPROPERTIE OF THE

AQUIFER THE TIDALLYACTIVE REGION OF TYPICAL UNCONFINED AQUIFER IN THE DUWAMISH AREA IS

EXPECTED TO EXTEND INLAND ABOUT 100 TO 200 FEET 30 TO 60 METERSMETER FROM THE SHORELINE IN

THISTHI REGION OF THE AQUIFER GROUNDWATER FLOW IS DOMINATED BY THE TIDAL FLUCTUATIONSFLUCTUATION OF THE

ADJACENT AND CONNECTED SURFACE WATER BODY THE TIDAL CONDITIONSCONDITION IN THE SURFACE WATER

CREATE FLUCTUATING WATER TABLE ELEVATIONSELEVATION AND CORRESPONDING CHANGESCHANGE IN THE GROUNDWATER

VELOCITIESVELOCITIE THE CHANGESCHANGE ARE BOTH IN MAGNITUDE AND DIRECTION

FOR THE TYPICAL CONDITIONSCONDITION OF THE DUWAMISH AREA THE EXPECTED RANGE OF FLUCTUATING

GROUNDWATER FLOW VELOCITIESVELOCITIE IN THE INTERTIDAL ZONE IS SHOWN IN FIGURE 1 THE PEAK

GROUNDWATER FLOW VELOCITIESVELOCITIE IN THE INTERTIDAL ZONE ARE MORE THAN AN ORDER OF MAGNITUDE

GREATER THAN THE TYPICAL GROUNDWATER FLOW VELOCITIESVELOCITIE CAUSED BY THE REGIONAL GRADIENT UP
TO ABOUT FACTOR OF 50 TIMESTIME LARGER
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THISTHI IS IMPORTANT BECAUSE THE FLUX OF WATER IN THE INTERTIDAL ZONE IS THEREFORE MORE THAN

AN ORDER OF MAGNITUDE LARGER THAN THE FLUX ASSOCIATED WITH THE AMBIENT GROUNDWATER FLOW

IE THAT INDUCED BY THE REGIONAL GRADIENT THE SIGNIFICANTLY HIGHER WATER FLUX IN THE

INTERTIDAL ZONE IS COMPNSED OF INFLOWING WATER FROM THE SURFACE WATER INTO THE AQUIFER

ON THE FLOOD TIDE HIGH TIDE CYCLE AND DISCHARGING WATER ON THE EBB TIDE LOW TIDE CYCLE

THISTHI MIXING OF TIDALLY INDUCED GROUNDWATER FLOW WITH THE AMBIENT GROUNDWATER DISCHARGE

HAS AN IMPORTANT IMPACT ON THE CONCENTRATION OF CHEMICALSCHEMICAL PRESENT IN THE DISCHARGED

WATER IF ONE ASSUMESASSUME THAT THE CHEMICAL CONCENTRATIONSCONCENTRATION IN THE SURFACE WATER ARE VERY

LOW OR ZERO THEN THE EFFECT OF THE TIDAL MIXING WITHIN THE INTERTIDAL ZONE IS TO

SIGNIFICANTLY DILUTE THE CONCENTRATIONSCONCENTRATION OF DISSOLVED COMPOUNDSCOMPOUND PRESENT IN GROUNDWATER

PRIOR TO THE POINT WHERE THEY ARE DISCHARGED TO THE WATERWAY

IN RELATION TO SETTING SITE CLEANUP LEVELSLEVEL CONSIDERATION OF THE MIXING WITHIN THE INTERTIDAL

ZONE MAY ESTABLISH SIGNIFICANTLY HIGHER CLEANUP LEVELSLEVEL IN GROUNDWATER AND SOIL THAT ARE

PROTECTIVE OF THE APPLICABLE CRITERIA FOR THE SURFACE WATER BODY THE TOTAL MASSMAS FLUX OF

CHEMICALSCHEMICAL IN THE GROUNDWATER DISCHARGE IS THE SAME IN EITHER CASE BUT THE MIXING IN THE

INTERTIDAL ZONE DILUTESDILUTE THE CONCENTRATION AND THE DILUTED CONCENTRATION IS DISCHARGED AT

HIGHER WATER FLUX RATE IN ORDER TO QUANTIFY THE EXPECTED MAGNITUDE OF THE TIDALLY INDUCED

DILUTION AT THE PLANT SITE MODEL OF THE IMPORTANT TRANSPORT PROCESSESPROCESSE WAS DEVELOPED

BASED ON THE ANALYTICAL METHODSMETHOD DESCRIBED BY KIM AND MOHSEN 1992

MODEL DESCRIPTION

THE MODEL FOR ANALYZING THE MAGNITUDE OF THE TIDALLY INDUCED DILUTION IS BASED ON THE

STANDARD ADVECTIONDISPERSION EQUATION USED FOR EVALUATING TRANSPORT IN POROUSPOROU MEDIA

THE ONEDIMENSIONAL FORM OF THE TRANSPORT EQUATION ISDVC EQ
3X AX 3X

WHERE THE DISPERSION COEFFICIENT IS DEFINED AS

DAIVI EQ2

AND THE SYMBOL ALPHA IS THE LONGITUDINAL DISPERSIVITY THE IMPORTANT CONSIDERATION IN

SOLVING EQUATION FOR THE INTERTIDAL ZONE IS THE FACT THAT THE VELOCITY IS CONSTANTLY

CHANGING OVER SPACE AND TIME IN ADDITION THE CHANGING VELOCITY ALSO CHANGESCHANGE THE

MAGNITUDE OF THE DISPERSION COEFFICIENT AS SHOWN IN EQUATION 2 THESE TWO

CONSIDERATIONSCONSIDERATION REQUIRE THAT THE ANALYSISANALYSI BE DEVELOPED AS NUMERICAL SOLUTION BECAUSE

NO ANALYTICAL SOLUTION TO EQUATION EXISTSEXIST FOR TIME AND SPATIALLY VARIABLE VELOCITIES

THE EXPECTED FLOW FIELD FROM THE TIDAL BOUNDARY CONDITION IS GENERATED BASED ON SIMPLE

EQUATION REPRESENTING THE TIDAL INFLUENCE AS SINUSOIDAL FUNCTION THE TIDAL INFLUENCE ON

THE GROUNDWATER ELEVATION IS REPRESENTED AS

HXI H0EXPXFISINXFIJ
EQ

WHERE
HXT IS THE WATER TABLE ELEVATION

IS THE TIDAL AMPLITUDE
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IS THE DISTANCE FROM THE TIDAL INTERFACE

IS THE TIME

10 IS THE TIDAL PERIOD

AND JISJI TERM THAT DEFINESDEFINE AQUIFER PROPERTIESPROPERTIE ILL

THE TERM IS DEFINED AS

EQ4

WHERE

IS THE SPECIFIC YIELD OF THE AQUIFER L3L3
IS THE TRANSMISSMTY OF THE AQUIFER L31LT

IS CALCULATED AS THE PRODUCT OF THE HYDRAULIC CONDUCTIVITY AND THE AQUIFER THICKNESSTHICKNES

B THISTHI IS COMMON EQUATION THAT HAS BEEN WIDELY USED IN GROUNDWATER HYDROLOGY FOR

REPRESENTING TIDAL INFLUENCESINFLUENCE IN AQUIFERS THE GROUNDWATER VELOCITY AT ANY POINT IS EQUAL

TO THE SUM OF THE VELOCITY DUE TO THE REGIONAL GRADIENT AND THE OSCILLATING VELOCITY DUE

TO THE TIDAL EFFECTSEFFECT V0

VV0V EQ5
THE OSCILLATING VELOCITY COMPONENT OF GROUNDWATER FLOW IS DERIVED BY DIFFERENTIATION OF

EQUATION TO GET THE GRADIENT AND APPLYING DARCYSDARCY LAW THE TIDAL COMPONENT OF THE

GROUNDWATER VELOCITY CAN BE EXPRESSED AS

V0 H0 FIEXPXFIISINIXFLFJ EQ
LIO

WHERE

IS THE HYDRAULIC CONDUCTMT1 LT
IS THE EFFECTIVE POROSITY IL3

MODEL APPLICATION

SERIESSERIE OF MODEL SIMULATIONSSIMULATION OF GROUNDWATER DISCHARGE TO TYPICAL TIDAL SYSTEMSSYSTEM WERE

CONDUCTED THE FIRST TWO SIMULATIONSSIMULATION ARE TAKEN FROM THE EXAMPLESEXAMPLE PROVIDED YIM AND

MOHSEN 1992 TO VERIFY THAT THE MODEL IS DEVELOPED AND WORKING CORRECTLY THESE

EXAMPLESEXAMPLE DO NOT APPLY TO THE DUWAMISH SPECIFICALLY BUT ARE INDUDED TO DEMONSTRATE THAT

THE MODEL WORKSWORK CORRECTLY FIGURESFIGURE AND ILLUSTRATE MODEL RESULTSRESULT FOR THE EXAMPLE
CASESCASE PROVIDED BY YIM AND MOHSEN 1992 FIGURE SHOWSSHOW THE BASE CASE

CONCENTRATION PROFILE WITHOUT THE TIDAL BOUNDARY CONDITION FIGURE SHOWSSHOW THE

CONCENTRATION PROFILE INCLUDING THE EFFECT OF THE DISPERSION INDUCED BY THE TIDAL BOUNDARY

CONDITION THE RESULTSRESULT COMPARE FAVORABLY WITH THE SIMULATION EXAMPLESEXAMPLE PROVIDED IN THE

REFERENCE PAPER FIGURESFIGURE AND FROM YIM AND MOHSEN 1992

THE MODEL WAS THEN APPLIED TO TYPICAL EXAMPLE THAT MIGHT BE EXPECTED FOR THE PLANT

SITE FOR THISTHI EXAMPLE CASE THE FOLLOWING MODELING PARAMETERSBOUNDARY CONDITIONSCONDITION

HAVE BEEN USED
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THE BOUNDARY CONDITION AT UPLAND SOURCE AREA IS FIXED AT CONCENTRATION OF 10

PPM THISTHI REPRESENTSREPRESENT AN LARGE CHEMICAL INVENTORY IN SOIL OR GROUNDWATER AT THISTHI

LOCATION WORST CASE EXAMPLE

THE BOUNDARY CONDITION AT THE WATERWAY DISCHARGE IS SET AT WATERWAY

CONCENTRATION ASSUMED TO BE ON THE FLOOD TIDE AND SET TO ZERO GRADIENT

WHICH ALLOWSALLOW FLUX OUT ON THE EBB TIDE

AQUIFER THICKNESSTHICKNES OF 30 FEET

HYDRAULIC GRADIENT OF 0003 FTFT

HYDRAULIC CONDUCTIVITY OF THE SOIL AT 28 FTDAY CMSCM
POROSITY OF SOIL AT 025

TIDAL AMPLITUDE OF FEET

TIDAL PERIOD OF 052 DAYSDAY
LONGITUDINAL DISPERSIVITY OF LOFT TYPICALLY ESTIMATED AT 01 TIMESTIME THE PLUME TRAVEL

DISTANCE

FIGURE SHOWSSHOW THE MODEL PREDICTED RESULTSRESULT FOR THE BASE CASE WITH NO TIDAL INFLUENCE AS

EXPECTED THE CONCENTRATION FRONT MIGRATESMIGRATE TO THE DISCHARGE POINT AND ULTIMATELY REACHESREACHE

THE FIXED CONCENTRATION PRESENT AT THE UP GRADIENT BOUNDARY

FIGURE SHOWSSHOW THE MODEL PREDICTED RESULTSRESULT FOR THE BASE CASE INCLUDING THE TIDAL MIXING

WITHIN THE INTERTIDAL ZONE THE RESULTSRESULT INDICATE THAT THE TIDAL FLUCTUATION HAS VERY

SIGNIFICANT IMPACT ON THE CONCENTRATION OF DISSOLVED SPECIESSPECIE DISCHARGING FROM THE AQUIFER

TO THE SURFACE WATER BODY THE DISCHARGE CONCENTRATION IN THE ZONE NEAR THE SURFACE

WATER BODY IS SIGNIFICANTLY REDUCED WHEN COMPARED TO THE RESULTSRESULT PRESENTED IN FIGURE 4

THE DILUTION IN THE INTERTIDAL ZONE INDUCED BY TIDAL MIXING APPEARSAPPEAR TO BE AT LEAST FACTOR

OF 50 FOR THE CASESCASE EXAMINED

THE SAME ANALYSISANALYSI CAN BE USED TO PREDICT THE SALINITY PROFILE WITHIN GROUNDWATER INDUCED

BY THE TIDAL MIXING IN THISTHI CASE THE GROUNDWATER IS ASSUMED TO HAVE BACKGROUND

SALINITY OF 00 AND THE TIDAL BOUNDARY HAS SALINITY OF 35 PARTSPART PER THOUSAND PPT THISTHI IS

TYPICAL OF SALT WATER BUT MAY BE SOMEWHAT HIGHER THAN THISTHI PART OF THE DUWAMISH THE

PREDICTED SALINITY PROFILE IN THE INTERTIDAL ZONE IS SHOWN IN FIGURE 6 THE RELATION

BETWEEN SALINITY INTRUSION AT SPECIFIC POINT AND CORRESPONDING DILUTION OF CHEMICALSCHEMICAL IN

DISCHARGING GROUNDWATER IS LINEAR THEREFORE MEASUREMENT OF SALINITY PROFILE MAY BE

USED AS QUANTITATIVE PROOF OF THE MIXING PROCESSESPROCESSE IN THE INTERTIDAL ZONE

CALIBRATION TO OBSERVED WATER TABLE FLUCTUATIONSFLUCTUATION AND THE INDUCED SALINITY PROFILE WITHIN

GROUNDWATER SHOULD BE CONSIDERED TO VERIFYCALIBRATE THE MODELING RESULTS IDEALLY DATA

WOULD BE COLLECTED FROM TWO OR MORE WELLSWELL LOCATED RELATIVELY NEAR THE SHORELINE AND

INCLUDE WATER LEVELSLEVEL FLUCTUATIONSFLUCTUATION SALINITY MEASUREMENTS BASED ON THE PREDICTED SALINITY

PROFILE THE TWO MEASUREMENT POINTSPOINT SHOULD BE WITHIN ABOUT 50 FEET OF THE WATERWAY

THESE TYPE OF DATA COUPLED WITH THE MODELING ANALYSISANALYSI MAY BE USEFUL IN SETTING SITE

SPECIFIC CLEANUPSCLEANUP LEVELSLEVEL FOR THE PLANT SITE AND DEMONSTRATING THAT THE CLEANUP LEVELSLEVEL

ARE PROTECTIVE OF THE RELEVANT EXPOSURE PATHWAYSPATHWAY IN THE SURFACE WATER BODY
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FIGURE 2 EXAMPLE CASE OF PLUME MOVEMENT WITHOUT TIDEVIM AND MOHSEN 1992
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FIGURE 3 EXAMPLE CASE OF PLUME MOVEMENT WITH TIDEYIM AND MOHSEN 1992
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FIGURE 4 EXAMPLE CASE OF PLUME MOVEMENT IN UNCONFINEDDUWAMISH AQUIFER WITHOUT TIDE
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FIGURE 6 MODEL PREDICTED SALINITY INTRUSION AT PLANT SITE
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